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EVALUATION OF THE RADIONUCLIDE CONCENTRATIONS IN
SOIL AND PLANTS FROM THE 1975 TERRESTRIAL SURVEY
OF BIKINI AND ENEU ISLANDS

Abstract

In June 1975, persounnel from LLL Island (0.86 for 6OCO, 76 for 9OSr,
and from other laboratories and 43 for l37Cs, 3.0 for 239’240Pu, and
agencies conducted a radiological 2.4 for 2l‘lAm). We found that radio-
survey of the terrestrial environment activity is unevenly distributed over
of Bikini and Eneu Islands (Bikini the surface of these islands and that
Atoll) to evaluate the potential the distribution of activity with
radiation dose to the returning Bikini soil depth varies greatly in different
population. In this report, we pre- parts of the islands. Concentrations
sent measurements of the radionuclide in the soil of 908r and 137C5 are
concentration in soil profiles and in greater than concentrations of 2411\111
dominant species of edible and noned- and 239’240Pu which, in turn, are
ible, indicator plants. We also des- greater than concentrations of Co.
cribe the use of these data to derive To quantitatively evaluate the
relationships to predict the plant plant uptake of 9OSr, 137Cs, and
uptake of radionuclides from soil. 239’ZAOPu, we develop soil-plant

Approximately 620 soil and vegeta- concentration factors as well as

tion samples from Bikini and Fneu leaf-leaf and fruit-leaf concentra-

Islands werc analyzed by Ce(Li) gamma tion ratios for indicator and edible

spectrometry and by wet chemistry. plant species {rom the same location.

The predominant radionuclides in . In general, the concentration factors
these samples are 60Co, 9OSr, 137Cs, for lB?CS 1n terrestrial vegetation
239’240Pu, QALPU, and ZALAm. In gene- are greater than those for 9OSL‘. The
ral, the radionuclide concentrations concentration factors [or both of
in s0il from Eneu Island and from the these nuclides exceed those for
four arecas of Bikini Island appear 239’240Pu by one to two orders of
to approximate log-normal distribu- magnitude (10 to 100 times). TFor
tions. The median surface-soil 9OSI and 239’240Pu, nuclide uptake
concentrations (pCi/g) of Eneu Island by fruit is less than that by mature
(0.067 for 6Oco’ 4.1 for 9osr) leaves; however, the opposite is
9 9 for lj?Cs, 0.75 for 239,240PU’ true for 137Cs. The relative con-
and 0.22 for ZALAm) are ten times tribution of the individual plant
lower than those measured on Bikini species to the internal dosc.to man
__l_.
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varies with the nuclide under consi-
deration. Thus, we also describe

the use of concentration factors and

concentration ratios to predict
nuclide concentrations in fruit from

those observed in soil or leaves.

Introduction

Since the termination of nuclear

testing on Bikini Atoll in 1958,

periodic eavironmental surveys have

been conducted to evaluate the radio-
logical status of the atoll. The
ecarly surveys of Bikini Atoll as well
as the recent survey and assessment at
nearby Fnewetak Atoll indicate that
concentrations ol radionuclides in
certain terrestrial foods are rela-
tively high, suggesting that the
terrestrial foodchain could be a major

exposure pathway. In June 1975,
Bilkini Atoll was resurveyed to deter-—
mine the residual radicactivity in the
tervestrial covironments of Bikini and
Eneu Tsiands, the two main 1slands of
the atoll (Fig. ). The 1975 survey
included measurcment of environmental
gamma-ray exposure rates and the col-
lection and analysis of samples of
5011, ground water, cistern water, and
vegetation for use in assessing the
internal dose via various ilagestion
pathways. (The dose from external
gamma exposure and the radionuclide
concentrations in cistern and ground
water have been previously

ruported.)’b)

The longer-lived fission and
activation products are the nuclides
of primary concern at Bikini Atoll.
Previous studies have shown that
becavse of their long half lives and

90 137

, i
large 1nventorics, Sr, Cs, and

2 2
39, 4OPu contribute nearly all the
population dose from the tervestrial

In this study, our major
90 137

pathway.

emphasis is on Sr, Cs, and
239, 2!
39, ‘OPu. However, the results ob-
241
tained for 6OCO and Am are also

included because OCo is widely dis-
tributed and is present in the marine
pathway and because the concentration
of 2qlf\m is still increasing slightly
due to the decay of 241Pu.

In this report, we describe the
results of the soi1l and vegetation
studies of the 1975 survey. We also
discuss the use of the data to derive
relationships that predict the plant
uptake of nuclides from soil on
Geometric mean values
137C9 239,240P

2

Bikini Atoll.

of 908

241
Am surface-soil concentrations arc

.
60
Co u, and

’ y

developed for Eneu Island and for
each of the four areas into which

Bikini Island was divided. "We also
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analyzed so1l profiles to investigate
the distribution of activity with
soil depth.

Soil-plant concentration factors
and socil-plant regression equations,
together with leaf-leaf and leaf-
fruit concentration ratios, are

9OSr 137

calculated for ) Cs,

239,240

and

Pu in edible and indicator
plants as well as in soil {rom Cthe
associated sampling site. From our
evaluation of these data, a method is

developed for predicting the nuclide

toncentrations in edible plants at a

Bikini Atoll

Aerokoj~Eneman chain

e =

Aomen-Iroij Chain

Bokantuak
TomsTan

The Bikini Atoll.

given location from the determined

nuclide concentrations in soil at the
same location. The predicted nuclide
concentrations in edible plants sub-
sequently scrve as input data to
predict the internal dose {rom ingested
terrestrial foods. This dose assess-
ment is presented in a separate report.
At Bilini Atoll, the uptake by
plants of radiocactive material from
the soil is the principal source of
foodchain contamination. Thus, soil
is both the convenient and the logical

starting point for a prediction of



radionuclide concentration in terres-

trial plants. Soil-plant concentration

factors or scil-plant regression equa-
tions are commonly used for a quantita-
tive comparison of the capacity of
different plant species and various
plant organs to accumulate radionu-
clides through soil-root uptake.
Prediction of radionuclide uptake by

edible plants is needed to convert

the measured environmental sorl con-
centrations into the potential dose to
man from the soil-plant pathway.

Where fruit samples are not available,
correlations between the concentrations
in leaves and fruit of a particular
plant species or between concentra-
tions in leaves of dindicator and

edible plant species enable us to

predict plant uptake from soil.

Methods

ENVIRONMENTAL SAMPLING AND
LABORATORY ANALYSIS

The objective of the surface-soil
survey was to defline the distribution
of radioactivity within the soil on

Bikini and Eneu lslands. This survey

was conducted in a manner similar to

that used at Enewetak Atoll.l The
number of soil samples collected on
cach island and within specific
areas on the island was a function of
the anticipated radioactivity levels,
Lthe various housing locations under
consideration, and the expccted living
patterns of the future inhabitants.
Thus, Eneu Island, because of its low
and homogeneous activity levels was
sampled less densely than Bilkini
Bikini has elevated

fsland. lslaund

and more variable activities and was

divided into four distinct areas, cach

of which could be used for future

village sites. Sampling sites were

501006

selected by superimposing a
rectangular—-grid network over an
aerial photograph of each island and
randomly choosing the grid squares to
be sampled within each specific area
of interest. The surface-sample loca-
tions [or the islands are shown in

IFig. 2. These samples were taken

with a coring tool (a steel pipe, 30
2 .

em  in cross—section) to a depth of

15 ¢m. The surrounding soil was

scraped away and a cutting tool (a

flat picce of steel) was inserted

underncath the cover, freeing the

sample.

surface-soil

In addition to the

sampling program, vegetation and
assoclated soil profiles (soil pro-
files taken from the same location as
the plant) were collected wherever
suitable plant species were located
on Bikini and Eneu Islands (see Tig.

3, Appendices A and B). Leaves,

REATUE T fan mnnm -



fruit, roots, litter, and stems of
edible (Pandanus, breadfruit, coconut,
papaya, banana, and squash) and non-
edible indicator (Scaevola and
Messersehmidia) plants were collected
when available. We attempted to take
at least one soil profile, and pre-
ferably as many as three, through the
root zone of each sampled plant. In
addition to the soil profiles taken
through the root zone of sampled
vegetation, other soil profiles were
collected on a random basis on both
Bikini and Eneu Islands. The geo-
graphical locations of these profiles
are also shown in Fig. 3.

All profile samples were taken
from pits dug with a backhoe. After
the pit was dug, the sidewalls were
carefully cut back a few centimeters
undisturbed

lOO—cm2

to ensurc a clean,
profile. For each profile,
samples were collected from the side-
wall at increments of 5 ecm in the

upper part and of 10 to 20 cm through

the lower part of the profile. Total

depth for profile samples varied from
25 to 105 cm.
Vegetation and litter samples werc
carefully selected and classified by
collected leaves

age. For example,

were classified as young, mature,

and senescent. Two ages of litter
were readily identifiable and were
collected accordingly. However,

fruit samples representing different

stages of growth were unavailable.

LI
o
L.

-5

All samples were nhandled separately,
placed in plastic bags, and sent to
LLL for processing and analysis. All
soll and vegetation samples were
analyzed both by Ge(Li) gamma spec-

trosocopy and by wet chemistry for

the following radionuclides (see Rel.
12): 4OK, SSFG, GOCO, 903r lO6Ru
loszh, llOmAg’ lZSSb 13333’ 137C_
144Ce lSZEU lSSEU 228Ra
235U, 238PU 239Pu 2!41Pu

241Am.

3 b

> b1

7 -
hO/Bi
Z&OPU

> 3 > 3 ’

> 3 b} >

and

DATA ANALYSIS

The surface-soil (0 to 15 cm)
activities appear to approximate log-
and thus, we

60

means of Co,

normal distributions

calculated geometric
¢ 13 2° ¢
)OSr, l)7Cs, 239,240Pu’

41
and Am

concentrations in soil for Lneu

Island as a whole and for the {our

areas of interest on Bikini Island.
For each profile collected, we plotted
(on semilog paper) the concentrations
of the selected nuclides as a function
of depth. The profile data were com-
pared in an attempl to characterize
the different areas of the islands
(see Appendices A and B).

Because they are the major contri-
butors to the dose from ingestion of

terrestrial foods (Refs. 1, 7, 8),

239, 24
908r 137CS 239,240

, and Pu were

>
selected for more detailed analysis.
We calculated concentration factors

for these nuclides from measured
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concentrations in plant samples and

from the average measured concentration

in the associated 0~ to 25-cm soil
profile. We define the concentration
factor, CF, as

pCi/g dry plant
pCi/g dry soil

CF =
To reduce the variability in average
soil concentrations (used to calculate
the concentration factor), we used »
0- to 25-cm soil profile that encom-—
passes a large fraction of the effec-
tive absorptive root zone rather than
the deeper O0- to 55-cm profile that
encompasses the entire root zone.
Concentration factors calculated on
the basis of the average soil concen-
tration in the upper 25 cm of the
vrofile are somewhat greater but do
not differ substantially from those
based on the deeper profiles (Tables
1 and 2). All concentration factors
reported here are therefore those
derived from average 0- to 25-cm soil
concentrations.

The average 0- to 25-cm soil
concentration is calculated as the
weighted geometric mean for the
separale concentrations, measured at
various increments throughout the
profile. Concentration values less
than the minimum detection limit are
set equal to the detection limit,
following the U.S. Environmental

Protection Agency technique.

-

b
on
et

Whenever the number of samples is
large enough, soil concentrations
are plotted against concentrations
in plants from the same sampling
site; the results are analyzed
with linear regression methods.
These linear regression results
are "statistically significant' at
the 0.1-level of a standard F test.
For each combination of nuclide,
plant organ, and species considered,
statistically significant regression
equations are compared to the median
of the calculated concentration
factors and a single representative
concentration factor is assigned.
Predictions of radionuclide
levels in foodstuffs can be made
from concentration factors if
measured soil concentrations are
available; however, concentration
ratios are also needed if the only
available data are from mature leaf
samples. The concentration ratio
is defined as the ratio of the con-
centration in fruit to the concen-
tration in leaves of the same species;
or, as the concentration in leaves of
one species to the concentration in
leaves of another species. We cal-
culted preliminary ratios for all
avairlable species from the 1975
Bikini survey. However, because of
the small number of samples involved,

a statistical analysis of these

results was not possible.



Table 1. Average radionuclide concentration for 0- to 25-cm and deeper soil

profiles.
Average Soil Concentration, pCi/g dry weight
Locationa 908r 137C5 239Pu ZAOPU
TO00L (0-25)° 81 45 4.3 4.7
(0-40) 70 27 1.6 1.8
~ T0051 (0-25) 202 150 9.2 10
(0-45) 208 165 9.2 10
TO06L (0-25) 42 28 1.4 1.6
(0-55) 150 85 5.1 5.7
TO062 (0-25) 67 31 2.3 2.5
(0-45) 80 37 1.3 1.5
T0081 (0-25) 126 43 2.2 2.5
(0-45) 70 15 0.53 0.64
TO121 (0-25) 89 50 2.0 2.2
(0-55) 34 25 0.52 0.60
TO161 (0-25) 27 34 1.5 1.7
(0-55) 30 25 1.1 1.2
170181 (0-25) g4, 13 2.4 2.8
(0-55) 62 5 0.56 0.70
TO191 (0-25) 36 23 0.99 1.2
(0-55) 28 18 0.87 1.0
10241 (0-25) 3.7 3.3 0.42 0.46
(0-45) 4.7 2.8 0.49 0.47
T0251 (0-25) 7.3 7.9 0.24 0.27
(0-45) 9.8 5.7 0.42 0.45
TO261 (0-25) 7.8 4.6 0.41 0.47
(0-45) 6.8 1.8 0.23 0.38
T0271 (0~25) 1.0 0.88 0.12 0.14
(0-45) 0.62 0.40 ——-c -—-
TO301 (0-25) 16 10 1.1 1.2
(0045) 20 12 1.6 1.5

a . . .
Sample locations are shown in Fig. 2.
b . . . .
Depth of soil profile in contimeters.
C
Not delected.
~10-




Table

. [<
Location

TOOOL

TO062

T0081

70121

T0161

TO181

TO191

(litter)

T0251

170261

TO261

TO271

TO301

2. Soil-mature lecaf concentration factors calculated
and decper soil profiles.

2\

(0-25)
{0-40)
(0-25)
(0-40)
(0-25)
(0-55)
(0-25)
(0-55)
(0-25)
(0-45)
(0-25)
(0-55)
(0-25)
(0-55)
(0-25)
(0-55)
(0-25)
(0-55)
(0-25)
(0-45)
(0-25)
(0-45)
(0-25)
(0-45)
(0-25)
(0-45)
(0-25)
(0-45)

Concentration Factor, (pCi/g dry leaf)/(pCi/g dry soil)

1 . . ) .
Sample locations are shown in Fig. 2.

>
No data.

1

H
:

J

9OSr 137CS
1.0 17
1.2 29
0.94 0.30
0.92 0.27
5.3 2.5
0.15 0.82
2.8 2.2
3.3 1.9
1.4 0.79
2.4 2.3
1.2 2.9
2.5 5.9
0.22 13
0.19 18
0.11 35
0.17 9.3
0.56 17
0.72 23
0.30 1.1
0.19 1.3
0.16 3.9
0.12 5.4
0.099 2.6
0.20 6.6
—~—— 16
——— 36
0.1 2.3
0.08s 2.0
~11-

239PU

0.01

0.038
0.050
0.050
0.043
0.012
0.049
0.028
0.019
0.078
0.030
0.066
0.018

for 0- to 25-cm

24
_*OPU

0.01
0.01
0.0053
0.0052
0.045
0.013
0.045
0.013
0.0494
0.029
0.021
0.084
0.014
0.054
0.018
0.0245
0.013
0.051
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Results and Discussion

SURFACE SOLIL SURVEY

Although more samples are available
from the 1975 Bikini survey than from
any previous survey (Table 3), there
is little consistency in the gcograph-

ical distribution of 60Co, 908

}37 439,240P

b

Cs, u, and lAm on Bikini
and Eneu Islands (see Appendix C).

The maps and overlays in Appendix C

present the activities of these radio-
nuclides in picocuries per gram of

dry soil over the sites from which the
samples were collected. A list of
concentrations of all detectable
nuclides for each sampling site is
given in Appendix D (microfiche
included in pocket on inside back
cover). A dry-soil density of 1.5
g/cm3 may be used to convert the
integrated profile uvata into activity
per uri. arca. llowever, some caution
must be cxercised in such calculations
because a significant fraction of the
total activity may be located below
the sampling depth.

Table 4 presents the means of the
surface-soil concentrations of the
dominant nuclides for Eneu Island
and for the four areas of interest on
Bikini Island. The values for Eneu
are consistently ten times lower than
concentrations for any part of Bikini

Island. As expected, on Bikini Island,

Area 1 shows the lowest soil concen-
tration, since It is an exposed beach
area that has been cleared for
housing. Data from Bikini8 and
Enewetak12 have revealed that soil
activity is directly related to the
amount of vegetation present in the
area surrounding the sampling site.
One possible reason for this is that
a heavy vegetative cover can protect
the underlying soil, minimizing the
effects of weathering processes (e.g.,
wind and rain erosion) that transport
surface activity through the soil
column to the water lens. Tollow-up
field work at Enewetak Atoll has also
shown that, 1n heavily vegelated

areas, litter increascs the soLl

. - . . 13
retention of radionuclides.

Although soil concentrations of
radionuclides in Area 2 appear to
be higher for 9OSr and 239’240Pu
than in any other arca on Bikini,
statistical analysis of the 908r
concentrations for each of the four
areas on Bikini, using the Mann-
Whitney nonparametric test, shows
no significant difference between
the concentrations in the various
arcas. However, a more extensive
analysis is nceded to better define
the real differences in concentra-

tions in the various arecas.

~172—-

————— <



64-74
Survey

1975
Survey

[¢
«

6

42

196

(5)
(1)

(4)

(4)

(3)

(8)
(6)

(2)
(1)

(3)

Table 3. Number of vegetation and soil samples in various Bikini survevs.
~ Number of Samples
90Sr - ],37CS
64-74" 19750 6474 1975
Species, Organ Survey Survey Survey Survey
- c d
Pandanus, leaves 6 (6) (6)
fruit 6 1 (L) 4 1 (1)
Papaya, leaves 8 (4) 8 (4)
fruit 4 (&) 4 (4)
Breadfruit, leaves 2 (2) 2 (2)
fruit 0 1 (1) 0 (1)
Banana, leaves 3 (3) 3 (3)
Coconut, leaves 22 (8) 22 (8)
fruit 5 6 (6) 48 6 (6)
Scaevola, leaves 8 (2) 8 (2)
fruiting 1 (L) L)
body
Messerschmidia, 6 (3) 6 (3)
leaves
Soil Profiles 5 h2 22 42
Soil, top 15 cm 21 196 176 196

a
Data [rom 1974 Bikini draft (unpublished).

b .
Data from this report.

c . .
Leaves include both mature and young specilmens.

d

[ 2
*epanct
st
el

~13-

Number of samples that have dircctly associated soil profiles.



Table 4. Median surface soil concentrations (0 to 15 cm).

Soil Concentration, pCi/g dry weight

Nuclide Area 1 Area 2 Arca 3
600, 0.59 (s1HY”  0.98 (6)  0.94 (32)
90

Sr 41 (35) 126 (5) 69 (18)
1

s 34 (51) 43 (6) 48 (33)
2

39,280, 0 53 70y 4.5 (10) 2.1 (34)
241

Am 1.8 (51) 3.7 (6) 2.7 (31)

Bikint Eneu
Area 4 Lsland Island

0.92 (87) 0.86 (1706) 0.067 (66)

68 (70) 76 (128) 4.1 (73)
48 (88) 43 (178) 2.9 (68)
3.0 (140) 3.0 (254) 0.25 (1406)

2.7 (87) 2.4 (175) 0.22 (68)

Arithmetic average of soil concentration in Areas 1-4 on Bikini Island.

b
Number of samples taken.

SOLL PROTILES

Soil profiles from different parts
of Bikini and Encu Islands show a wide
range of activity distributions with
depth. (A listing of the concentra-
tions measured for each profile 1s
grven in Appendix A and the data are
presented graphically in Appendix B.)
As noted by Held,Lé different plant-
soil cnvironments exhibit different
vertical patterns of nuclide migra-
tion. The necarly complete disruption
of the upper soil layers at Bikini
Atoll by clearing, construction, and
testing over the past 30 years as well
as by agricultural practices initiated
more recently has created a variety
of plant-soil environments. Thus, the
inhomogenity of the soil on these

yslands is not surprising. However,

because of this inhomogenity, general-
Ltzations are not very meaningful, and
these islands cannot be characterized
by "average vertical profiles" with
which to formulate cleanup criteria
and to estimate dose.

The four basic types of profiles
delineated at Enewetak Atoll12 are
all present on Bikini Tsland (see
Fig. 4). Alcthough we could not
identify any particular profile type
for extensive areas on Bikini Island,
specific locations can be assigned
"typical profiales for predictive
purposes. VYor example, on Bikini
Island a group of samples taken in
close proximity to onc another
(T0091, TOLOY, TOLlll, 10121, and
TO131) show gencrally decreasing

activity levels with depth despite

~14-
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some variability in pattern in the
upper parts of the profiles (see Figs.
5-9; Appendices A and B). Other loca-
tions, limited in area, can be assigned
different "typical® profiles.

In general, profiles from Bikini
Island show decreasing actaivity levels
with depth. In contrast, those from
Eneu Island exhibit a pattern of
uniform or slowly decreasing activity
levels from surface to total-sampled
depth. The variations scen in the

profiles on Bikini may be the result

of the location of organic layers in
the profile. Because organic matter
tends to concentrate radioactivity,
nonuniform patterns of radionuclide
concentration may result from organic
layers that have been buried recently
by construction and rehabilitation
activities.

Although it is difficult to gener-
alize about patterns of activity dis-
tribution, the relative concentrations

of the dominant nuclides show a con-

137CS N

9
sistent trend: Sr and
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Fig. 5. Correlation of the OSr concentration in mature coconut lteaves with
the concentration of Sy in the soil at the same sitc.
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239,240 241 60

Pu and Am > Co. The

. 0 oy
concentration of Sr on Bikini

Island is usually twice that of

4
137Cs, 239,240PU

241
and Am, and thirty to forty

60Co (Table 4). As

ten times that of

times that of
mentioned previously, soil concen-
trations on Eneu are about ten

times lower than those on Bikini
Island for all the radionuclides

considered.

~17-

PREDICTION OF PLANT UPTAKE

Average concentrations in the 0- to
25-cm portions of the soil profiles
are combined with measured concentra-
tions in plants to predict the uptake
of various radionuclides from the
soil. In general. these plant-soil
relationships from the 1975 Bikini
survey confirm the results of previous
the relationships

surveys; however,

are often statistically insignificant.



, Concentration in mature coconut

0.060 |

0.050 —

Linear regression line
- y = 0.01219x + 0.00473

(.040 —

0.030 —

teaves — pCi/g dry weight

i I | | [
CF = 0.01527 /
/

® Linear regression line -
y = 0.0119x + 0.00327

239

240

| | l i | |
2 3 4 5

Concentration in soil — pCi/g dry weight

Fig. 7. Correlation of the

239,240

Pu concentration in mature coconut leaves

with the concentration of 239,240py in the soil at the same site.

In surveys where the number of sam-
ples considered f[or any one case 1s
small, relationships that appear to
be statistically insignificant are
often extremely significant, since
sampling errors may dominate the
explanatory variables. Although
statistical analysis of a larger

number of samples is necessary to

verify the results, we recommend the
use of the general plant-soil rela-
tionships developed in this study

for subsequent dose assessments.

Concentralion Factors

Soil profiles with uniform
patterns of nuclide migratjon are

seldom found at Bikini Atoll as a

-18-

'M\&W



100 : o

=
= '
S
o =
-
Q > -
a i
S'U
(,)CD
>~ 60—
© T
[ ]
-5 O
R
w
= -
2]
o O
= >
3¢
c @ 40 -
of“_
R
© D
o &
g
o Q
25
c &5 20 —
© @
=

0 25

CF = 0.4847

A

Linear regression line
y = 0.342x + 4.189

I . ol l
50 75 100

Concentration in soil — pCi/g dry weight

) ¢
Fig. 8. Correlation of the

0. . . y v
Sr concentration in maturc Scacvola and Messer-

sehmidia leaves with the concentration of 208y 1n the soil at the same site.

result of the complete disruption of
the upper soil layers by clearing,
construction, and testing over the
past 30 years as well as by more
recent agricultural practices. To
determine the soil concentrations of
nuclides that are actually available
to the root system of a specific
plant, we sampled soil profiles in
direct contact with the root system.
The two replicate samples of soil

profiles show minimal variation,

regardless of the side of the plant
from which they were taken (Table 5).
In contrast, profiles in the general
area but not in direct contact with
the root system of the plant sample
are highly variable (Table 6).

Tables 7 and 8 present the range
and median values of concentration
factors calculated for vegetation and
goil sampled from the same location.
Table 9 compares the information from

these tables with the same information

-19-
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for concentration factors calculated
for mature Seacvola and coconutb leafl
samples for which no soil samplies

from the same location are available.
We sclected mature Scaevola and coco-
nut leaves for this comparison because
they provide the largest number of
samples in both the associated and
unassocjated categories. A comparison
of the ranges in Table 9 shows the
importance of using associated plant-

soil data (data from Lhe same sampling

~20~
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Cs councentration in mature Scacvola and Vosger-

]3263 1n the soil at the same site.

site). Concentration factors calcu-
lated from unassociated plant and
soil factors show a vavriation of
three orders of magnitude in the
case of 7Cs uptake by mature
Seaevola leaves while concentration
factors calculated f{rom associated
data vary by one order of magnitude
or less. These results agree with the
wide range of concentration factors
calculated in previous surveys from

>

unassociated plant and so1l samples.
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Table 5. Radionuclide concentrations in replicate 0- to 25-cm soil profiles.

Average Soil Concentration, pCi/g dry weipht

a . 24
Location” 9OSr 137Cs 239Pu ”40Pu
Group 1

TO001 81 45 4.3 4.7
T0002 92 29 4.6 5.1
TO003 101 44 5.0 5.5
Group 2
T0O61 42 28 1.4 1.6
T0062 68 31 2.6 2.5
aSampling sites are shown in Fig. 2.
Table 6. Radionuclide concentrations in 0- to 25-cm soil profiles taken from
the same general area.
_Average Soil Concentration, pCi/g dry weight

p . 2
Location’ QOSr JJ7CS ~39Pu ZQOPU
Croup 1

10091 81 55 2.5 2.8
TO101 32 35 0.27 0.29
TOLTL 81 87 3.3 3.7
TO121 89 50 2.0 2.2
TO131 86 13 0.53 0.64
Group 2

TO031 6.8 8.6 0.18 0.20
T0041 35 26 0.58 0.69
TOO51 202 150 9.2 10
‘T0061 42 28 1.2 1.6
TOO7 1 127 86 4.6 5.1

1 . . . . .
Sampling sites are shown in Fig. 2.
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Table 7. Soil-to-plant uptake of 9OSr and 137Cs from plants and soils sampled
at the same location.

Concentration Factor, (pCi/g dry plant)/(pCi/g dry =oil) .

e 90Sr e . _ﬂ____«~AElézgs__4

No. of No. of
Species, Organ Samples Minimum Maximum Median Samples Minimum Maxim m Median
Scaevola, mature 2 0.24 0.41 0.33 2 1.3 14 7.4
leaves
tegsserscehmidia, 3 0.48 0.86 0.52 3 2.1 50 3.7

mature leaves

Pooled Seaevola &
Messerschmidia, 5 0.24 0.86 0.48 S 1.3 50 3.7
mature leaves

Coconut, mature 7 0.099 0.38 0.16 8 1.1 i6 3.0
leaves
Coconut, "fruat" 2 0.024 < 0.018 ——= 2 1.4 3.6 2.5
Coconut, meal 2 < 0.019 0.026 - 2 7.3 9.8 8.6
Coconut, mitk” 2 < 0.0084 < 0.012 - 2 0.90 1.4
Pandanus, mature 5 0.71 2.4 0.91 5 2.9 25 15
leaves

b
Pandanus, green 1 - —-= 0.53 1 - - 0.054
fruit
Papaya, mature 4 0.62 4.0 1.3 4 0.30 5.9 3.1
leaves
Papaya, fruit 4 0.12 0.85 0 43 4 1.9 18 3.2
Breadfruit, mature 2 1.4 2.3 1.8 2 0.79 2.4 1.6
lecaves
Breadfruit, )| = - 0.76 1 - - 7.0
mature fruit
Banana, macture 2 0.48 1.1 0.73 2 0.33 0.54 0.42
leaves
Squash, whole 1 - - 3.4 1 = - 726
plant
Squash, sceds 1 ——— ——— 0.15 1 — —— 56

a o] . .
Coconut milk was measured and veported in pCi/ml wet weight which, for calculation of cthe

concentration faclor, was assumed to equal pCi/g wet weight. Thus, the concentration factor
for coconut milk s in (pCi/g wet weight)/(pCi/g dry soil).

b No data.
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Table 3. Soil-to-plant uptake of
the same location.

Species, Organ

Scacvola,
mature leaves

Messerschmidia,
mature leaves
Pooled Scaegvola &
tesserschmidia,

mature leaves

Coconut,
mature leaves

Pandanus,
mature leaves

Papaya,
mature leaves

Papaya, fruit

Bread{ruit,
mature leaves

Banana,
mature leaves

a
No data

No. of
Samples

4

239,240

Pu from plants and soils sampled at

Concentration Factor, (pCi/g drv plant)/(pCi/g drv so1l)

o
239,

Minimum

0.0047
0.010
0.0044

0.0013

0.0013
0.0063

0.0017

Maximum

0.

.11

.022

.030

0637

.0021

.019

2!
_nOpu
No. of

Median Samples Minimum Maximum Median
0.0047 1 - -~= 0.0051
0.067 2 0.045 0.12 0.081
0.024 3 0.0051 0.12 0.045
0.015 4 0.0113 0.021 0.015
0 016 4 0.0043 0.015 0.014
0.037 4 0.0053 0.041 0.026
0.0017 2 0.0013 0.0023 0.0018
0.013 2 0.0213 0.062 0.0642
0.0036 2 0.0018 0.0066 0.0042

. . . a
lable 9. Soil-mature leaf concentration factors calculated from associated”

and

Nuclide, Species
90,
Sr, Scacuvela
90,
Sr, coconut
Cs, Scaevola
Cs, coconut

, Coconut

coconut

unassociatedb

No. of
Samples

4

4

Concentration Factor,

data.

Associated

Minimum

0.011

Maximnm

14

16

.36

.022

.021

t .
Plant and soal data sampled from the same site.

(pCr/p dry plant)/(pCi/g dry soil)

Unassociated

No of

Median Samples Mintmum Max1imum Hedian
0.133 4 0.048 4.3 1.8
0.16 15 0.041 0.74 0.29
7.5 4 0.073 39 7.7
3.0 15 0.53 18 2.6
0.015 12 0.0036 0.14 0.016
0.015 12 0.0021 0.15 0.016

b .
Plant and soil data sampled from different sites in the same general area.
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Because the range of concentration
factors in only two combinations of
nuclide, plant part, and speccies [vom
the associated soil-plant data (pocled
Seaevola-Messerscehmidia leaves lor
l37Cs and papaya leaves for 2J)gl’u)
varied by more than a factor of 20

(Table 10), we use the median concen-

tration factors derived from the

associated data in our predictive

model .

Table 10.
factors.

Several reasons explain the varia-
tion of concentration factors calcu-
lated from associated plant and soil
data, including differences in the
physiochemical properties of the
radionuclides under con: tderation, in
soil type and chemical characteris-
tics, in soil management practices,
in irrigation practices, and in the
physiology, age, and prior history of

the plants sampled. 1t is impossibie

Maximum—~to-minimum ratios of associated soil-plant concentration

Maximum-to-Minimum Ratio

Species, Organ 9OSr 137Cs 239Pu 240Pu
Scacvola, mature leaves L. 1.0 -t -
Messerschmidia,

mature leaves 1. 23 4.9 2.6
Pooled Scaevola and

Messerschmidia, wature

leaves 3. 39 23 2.0
Fandanus, wmature leaves 3.0 8.4 6.9 3.6
Coconut, maturc leaves 3. 14 2.1 1.8
Coconut, ”frujt”b < 7. 2.6 ——= ~—=
Papaya, mature lcaves 6. 20 30 7.9
Papavya, fruit 7. 9.5 1.7 1.8
Banana, mature leaves 2. 1.6 3.2 3.8
Jreadfruit, mature leaves 1. 3.0 3.0 2.9

a

Not detected.

1 P P
Fruit" includes both meat and miik.

—2b—
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to identify the specific cause of each
variation but the variation can be
reduced by carefully controlling
sampling techniques and by increasing
the number of samples.

Where fruit data are unavailable,
concentration factors calculated from
mature leaf data are used as the
basis for predicting concentrations
of radionuclides in food available
to the returning Bikini population.
Mature leaf concentration factors
in conjunction with correlations
between various species and between
leaves and fruit of «the same species
enable us to predict concentrations
in fruit from mecasured concentra-
tions in leaves of indicator or
edible plants.

We only report concentration

90 137

factors for Sr, Cs, and
239,240 . .
Pu. As predicted {rom previous
studies, the most effectively trans-
ferred radionuclide in the terrestrial
environment is Cs, although 908r
is often present in larger quantities
in the soil of the atoll. This is
partly explained by the differential
solubilities of 908r and 137Cs in
soll. Strontium-90 appears to be
tied up as insoluble carbonates in
the atoll soil and is thus less avail-
able to the plant. Cesium-137 is
more soluble in the nonclay atoll
soil; thus lj7Cs i1s more easily
leached through the soil. Although

137 .
“Cs is leached through the soil at

~25-
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a faster rate than 9OSr, 137Cs is

also readily absorbed and accumulated
in organified soil horizons where
there is a proliferation of plant
roots and litter. This accumulation
of ]37Cs in organified soil horizons
renders it more available than 9OSr
for uptake in plants.

The concentration factors discussed
in the subsequent paragraphs generally
reflect this relationship between the
uptake of 9OSr and 137Cs. For Panda-
nus, coconut, Scaevola, and Messer-
sehmidia leaves and for the fruit of
all species, low concentration factors

0
are observed for St as compared to

137
Cs. However, leaves of papavya,
banana, and breadfruit show concentra-

OSr as high ot
. 137 .
higher than those for Cs. Concen-

239,240,

tion factors for
tration factors for are
generally 10 to 100 times lower than
those for either 9OSr or 137Cs
Although they are often measured in
soil, 6OCO, 241Pu, and 241Am are only
occasionally detected in vegetation.
For this reason, we did not calculate
concentration factors for these three
nuclides.

In the following sections, we
discuss the specific concentration
factors assigned to each species.
Concentration factors arewassigned
solely on the basis of the median
calculated concentration factors

except for coconut and for pooled

Scaesvola and Messerschmidia leaves.

.
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For these last two cases, we had
enough samples to justify analysis by
linear regression methods. Thus, the
regression results are compared with
the median councentration factor and a
representative value is chosen for
our models. The relationships between
the relative uptake of different
species are considered in a separate
section on concentration ratios.
Coconut. Coconut is the most
abundant species on Bikini and Eneu
Islands and thus it was sampled more
extensively than any other plant in
the 1975 survey. Unfortunately, few
coconut trees were bearing fruit so
the bulk of these samples are Jeaves.
Regression analysis comparing mature
coconut leaves and soil sampled {rom
the same location shows correlations
that are significant at the 0.1 to
0.05 level for 9OSr, at the 0.005

level for ]37CS, and at the 0.1 level

239, 2¢
7 ‘OPU (Figs. 5-7). Combining

for
the results of this regression analy-
sis with the wmedian calculated concen-—
tration factors (Table 11), we obtain
final concentration factors {or mature

90
coconut leaves of 0.16 for Sr, 3.0

for 7cs, and 0.015 for 2°72240p,.
Concentrations in both coconut

milk and coconut meat were analyzed

for the two samples from Bikiuni. When

compared on a wet/wet or a dry/dry

basis, there are no definitive pat-

terns in the radionuclide concentra-—

tions of mecalt and milk taken from the

‘IIIIIIIII'4 50 HERE

—-26-

L

w

same location: Because the 1972
Fnewetak data show no consistent dif-
ferences in the uptake of 908r and
lB?CS by coconut milk and meat, the
C)OSL‘ and 137Cs concentrations in fresh
coconut meat and fresh coconut milk
are assumed to be equal. The concen-
tration factors from the Bikini data
(Table 11) ave within the range of
those from the Enewetak survey,l so
until more conclusive data are avail-
able, we have assigned a conservative
concentration factor of 0.024 for

OSr and 2.5 for 7Cs to both coco-
nut meat and milk.

Pandanus -- Although the number of
samples of mature Pandanus lecaves is
insufficient {or statistical analysis,
the concentration factors calculated
from associated leaf-soil data for
Bikini are within the range of those
from Rnewetak.l Thoe median concentra-
tion factors of 0.91 for goSr and 15.2
for 137C5 are assigned to maturc Pari-
danus leaves. The concentration fac-
tor calculated for the one green Pan-
danus {ruit available from the Bikini
survey (0.50 for 908r and 5.4 lor
137

Cs) 1is comparable to values [rom

previous surveys and thereflore, we

%Following the example of the Ene-
wetak survey,® results are given in
wet weight for coconut milk and in
dry weight for coconut meat; coconut
milk is assumed to be 957 water and
coconut meat is assumed to be 50%
water.

o —— e m = = s =




Comparison of soil-root and soil-leaf concentration factors.

Concentration Factor, (pCi/g dry plant)/(pCi/g dry soil) _

137CS 239,240PU
Roots Leaves Roots Leaves
23 17 0.44 0.015
26.1 2.9 0.45 0.022
33 50 0.44 0.35
3.4 2.3 0.085 -—=
16 0.88 0.11 -——=
5.7 1.1 0.081 -
5.0 -—= 0.38 -
0.026 0.54 0.027 0.006

Table 11.
905r -
Species Roots Leaves
Pandanus 0.88 1.0
0.77 1.2
Mzsserschmidia 0.59 0.48
Coconut 0.16 0.11
0.89 -
0.30 0.30
0.89 -
Banana 0.42% 1.10

a
Root and crown.

Below minimum detection limit.

consider it to be a valid sample and
have used it in our dose predictions.
Breadfruit — Breadfruit were not
available on Enewetak Atoll. Thus,
data from the two samples collected
duraing the 1975 Bikini survey provide
the first directly measured concen-
tration factors. As expected from the
1972 Bikini survcylb and from the sta-
ble element analysis of potassium and

calcium in the Enewetak survey,” uptake

137

of 9OSr and Cs by breadfruit is

high and comparable to uptake by Pan-

danus. Preliminary concentration fac~
tors of 1.8 for 9OSr, 1.6 for U7Cs,
239,240

and 0.027 for Pu are assigned
to maturc breadfruit leaves. The con-

centration [actors for the one mature

|

fruit sampled from this species are
0.76 for 9OSr and 7.0 for 137CS.
Papaya — The ratio of maximum-to-

minimum concentration factors calcu-

lated for mature papaya leaves is

small; median concentration factors
“are 1.3 for 298y, 3.1 for ]37CS, and
0.0018 for 239’240Pu.

factors of 0.43 for 9OSr, 8.2 for

X
13704 and 0.0018 Lor 2272 %40p

Concentration

u are
calculated for the four papaya fruit
available.

1975 Bikini survey on radionuclide
concentrations in banana are for
mature leaves. The two available
samples suggest tentative Coﬁcontra—

. 90 .,
tion factors of 0.73 for Sr, 0.42
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2
for l37Cs, and 0.0039 for 239’“40Pu

in mature banana leaves. Unpublished
data for banana fruit and soil samples
from the same area collected in the
1972 Bikini survey yield concentration
factors of < 0.058 for 908r and
<0.00028 for 239’240Pu.l7 Because no
data are currently available for con-
centration factors for 7Cs in bana-
ﬁas, we have assigned the conservative
value of the 7Cs concentration fac-
tor in mature banana leaves to banana
fruit.

Messerschmidia and Scacvola — As
discussed in the Enewetak survcy,1 the
data from these two indicator plants
show a significant correlation between
leaves and soil on both an individual
and a pooled basis. The nuwmber of
samples {rom the Bikini survey does
not warrvant individual statistical
analysis of these species. However,
the pooled data show a correlation
between leaves and soil that is signi-
ficant at the 0.1 level [or 9OSr
(Fig. 8) but is not significant for
Cs (Fig. 9). Cesium-137 does show
a significant correlation between
Leaves and soil in the Enewetak
results and probably would do so for
Bakini if the number of samples were
larger. Based on the median calcu-
lated concentration factors and on the
results of the regression analysis,
concentration factors of 0.49 for

9OST, 3.7 for J'37CS, and 0.035 {or

239,240 . .
’ Pu were assigned to mature

Scacvola and Messersoinidia leaves.
Squash — Onc¢ samwple of summer
squash and its sceds was available

from the 1975 survey. This is the
first time measured radionuclide con-
centrations in garden vegetables from
Bikini Atoll have been available.
90 137 .
Squash uptake of Sr and Cs 1is
greater than that of any other plant
sampled. Other workers also have
. ) 137 .
observed high concentrations of Cs
in garden vegetables as compared to
concentrations in other edible and
N 7
Lynch et al.’ notes

that in field studies, the J37Cs con~

indicator plants.

centration in lettuce leaves is an
order of magnitude grecater than the
concentrations measured in other edi-
ble portions of food plants. In labo-
ratory experiments to determine the
uptake of 7Cs by squash, Walker
et al. report 7Cs concentrations in
squash that are higher than those
measured in Messerschmidia, Scaevola,
and Fandanus grown in the same Ronge-
lap Atoll 5011.18 However, f{rom
Walker's experiments it appears that
with the application of fertilizer,
the concentrations in squash can be

reduced to levels comparable to thosc

found 1n other edible plants.
Concentration Ratios

Radionuclides that are taken up
from the soil through roots are cither

retained in the roots or Lransported

~28-
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to the aboveground plant organs. At
Bikini, the concentrations of OSr in
the aboveground plant organs of a

species are comparable to the concen-

trations retained in the roots of that

However, concentrations of
239,240P

species.
137Cs and u are lower in the
aboveground plant organs than in roots
(Table 11). 1In addition, there are
differences in uptake among the vari-
ous aboveground plant organs. Within
any one species, concentrations of
9OSr and 239’240Pu are generally
smaller in edible plant parts (e.g.,

fruit) than in nonedible organs (e.g.,

leaves); the opposite is true for
137Cs (Table 12).

Because leaves avre more often
available for samplaing than are fruit,
we developed {ruit-leaf concentration
ratios to allow prediction of radio-
nuclide concentrations in fruit from
those measured in leaves of the same
species (Table 13). The small number
of samples makes it impossible to
statistically evaluate these ratios;
we will do this as more data become
available. We also calculated leaf-

leaf and fruit-fruit concentration

ratios between different species for

Table 12. Summary of median soil-plant concentration factors.
Concentration Tactor, (pCi/g dry plant)/(pCi/g dry soil)
g - 2" 2
%, 137, o,
Mature Mature Maturc
Species Leaves Frulit l.ecaves Fruit Leaves Fruit
Pooled Scaevola &
Messerschmidia 0.48 S 3.7 - 0.035 ——
Coconut 0.16 0.024 3.0 2.5 0.015 ——
FPanadanus 0.91 0.50 15.0 5.4 —— _—
Papaya 1.00 0.43 3.1 8.2 0.016 0.002
Breadfruit 1.80 0.76 1.6 7.0 0.027 -
Banana 0.73 0.0SBb 0.42 ——— 0.004 0.000Bb
. . : d
Squash 3.40° 0.15 26.0° 56.0 — -—
a
Not detected.
b 17

1974 unpublished plant and soil data [rom the same vicinity.

Whole plant.

Seeds.

—29-



U TH G

Table 13. TFruit-leaf concentration ratios.
! Concentration, pCi/g dry weight
Species Nuclide Fruit Mature Leaves
Pandanus 908r 40® 8
137CS 2.7 146
C
Breadfruit )OSr 61 190
- 137Cs 384 132
Coconut
"fruice” 9OSr 0.79 12
1.9 2.9
137
i Cs 60 7.1
14 9.7
- 54 15
Coconut 90
meat/milk Sr 0.41/0.18 1.7
! 13765 76/9.3 24
Papaya 90Sr 18 264
227 22
49 191
47 221
3704 865" 189
1607 156
281 45
é 303 69
2 4
! 39,240, 0.014" 0.049
‘ 0.0023 0.067
i L e
A Green fruit.
P Fallen fruic.
© Based on all available data.
~30-

Fruit/Leaf
Concentration

Ratio

0.

4

50

.02

.33

.00

.06

.00

.33
.00

-00
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prediction ol concentrations in fruit
of onc species from those in fruit or
leaves of another sgpeciecs. These
ratios show that distribution patterns
for each nuclide are consistent within
a particular species. However, we
must remember that the importance of
the contribution of each nuclide to
the internal dose to man varies with
different species.

The fruit-fruit and {ruit-leaf
concentration ratios are calculated
from a comparison of the concentration
factors of three plant groups (plants
within each group were sampled {rom
the same general localtion) and from
comparisons of the median concentra-
tion ratios of all associated plant-
soil samples (Table 14). Analysis ol
the councentration ratios {or mature
leaves and fruit suggests that some
specics concentrate a given nuclide
to a much greater extent than do
others (Tables 15-19). For 9OSr in
mature leaves, the concentration de-

creases in the order: breadfruit and

papaya > Pandainis and banana > Messer-
schmidia and Scaevola > coconut
(Tables 15 and 18). These results
agree with those of Nelander.l

The relative uptake of 137Cs by the
various species differs slightly from
that of 9OSr. For 7Cs in mature
leaves, the conceuntration appears to
decrease with Pandanus > Scuaevola >
Messerschmidia, coconut, and papaya >
breadfruit > banana. A comparison of
13763 uptake by frujt yields the
pattern: papaya > Pandanus and
breadfruit > coconut (Tables 16 and
19). The data for the uptake of
239’2401%1 by maturce lecaves are much
more limited than data for 9OSr and
137Cs, but preliminary results sug-
pest: Messersohmidia > breadfvuit >

Pandarnus and coconult > papaya >
Seaevola and banana (see Table 17).
Although no concentration ratios arc
90..

calculated, the uptake of Sr and
137 o

Cs by unfertilized summer squash
exceeds that of all other edible

plants sampled.

Summary and Conclusions

The radionuclide concentration in
surface soil samples (0 to 15 cm)
variecs grcatly throughout both Bikini
and Eneu lslands. 1In addition to the
inhomogeneity observed in surface
soil concentrations, profile data
indicate that radionuclide concen-
tration as a function of soil depth

is quite variable. (ln some cases,

the concentration at depths as great
as 120 cm excecds that in the top

2.5 cm.) As a result of the vari-
ability in surface soil concentrations
with location and with depth, conclu-
s1ong regarding dose reduction via
soil removal must be oxorcisod.with
great care. It 1s nearly impossible

to generalize about remedial measurces
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Table 14. Associated soil-plant concentration factors for plant species
sampled from the same locartion.

Concentration Factor, (pCi/g dry plant)/(vCi/g dry soil)

Species, Organ QOSr 137Cs 239’240Pu
Group 18
Papaya, mature leaves 1.6 3.9 0.012
Papaya, mature leaves 0.62 5.9 0.037
Papaya, mature leaves 0.94 0.30 0.0051
l Papaya, mature lcaves 4.0 2.9 0.027
Banana, mature leaves 0.48 0.33 0.0017
Banana, mature leaves 1.1 0.41 0.0060
Group Zb
Breadfruit, mature leaves 2.3 2.4 0.063
Pandanus, wature leaves 1.2 2.9 0.022
Messerschmidia, mature leaves 0.48 87 0.035
Messerschmidia, mature leaves 0.52 3.7 -
Scaevola, mature leaves 0.24 1.3 0.0049
Scaevola, mature leaves 0.41 14 -
Breadfruit, fruit 0.76 7.0 -=-
Pandarnus, green fruit 0.53 5.4 -
Scaevola, fruit 0.14 1.4 0.00096
Group 3°
. Scaevola, mature leaves 4.3 39 0.024
i Coconut, mature leaves 0.67 14 0.026
Coconut, maturc leaves 0.27 7.3 0.020

? Group 1 includes samples TO010, T0QG30, 'T004Q, T0050, TO060, TO070.
b Group 2 includes samples T0090, TO100, T0110, T0120, and TO130.
© Group 3 includes samples T0150 and TOL6O.

1
Not detected.
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Table 15. Strontium—90 leaf-leaf concentration ratios.

Leaf-Leaf Concentration Ratio

Bread- Messer-
Species fruit Papaya Pandanus Banana schmidia Secevola Coconul
Breadfruit 1.0 1.5 2.0 2.5 3.5 6.0 12
Papaya 0.66 1.0 1.3 1.7 2.5 4.0 8.0
Pandanus 0.50 0.77 1.0 1.3 1.8 3.0 6.0
Banana 0.40 0.59 0.77 1.0 1.4 2.2 4.4
Messerschnidia 0.29 0.40 0.56 0.71 1.0 1.6 3.2
Scaevola 0.17 0.25 0.33 0.45 0.63 1.0 2.0
Coconut 0.08 0.12 0.17 0.23 0.31 0.50 1.0
Table 16. Cesium-137 leaf-leaf concentration ratios.
Leaf-Leaf Concentration Ratio
Messer- Bread-

Species Panadarus Scaevola schmidia Coconut Papaya fruit Banana
Pandanus 1.0 2.0 4.0 5.0 5.0 10.0 35
Secaevola 0.50 1.0 2.0 2.5 2.5 5.0 18
Messerschmidia 0.25 0.50 1.0 1.3 1.3 2.4 8.8
Coconut 0.20 0.40 0.80 1.0 1.0 2.0 7.0
Papaya 0.20 0.40 0.80 1.0 1.0 2.0 7.5
Breadfruit 0.10 0.20 0.40 0.50 0.50 1.0 3.8
Banana 0.03 0.06 0.12 0.L4 0.13 0.26 1.0
entailing soil removal without first clean soil, thus shielding the deeper
detailing the area and pathways that contaminated soil. There would also be
will be involved. very little impacl upon uptake by

For example, the soil profile data plants because the soil concentration
{(Appendices A and B) for Eneu and for is essentially identical through the
some areas on Bikini indicate that re- root zone up to depths of 40 cm.
moval of the top 10 cmof soil should do However, there are other areas on
very little to reduce gamma exposure Bikini Tsland, (Appendices A and B,

DA PR i RSP = SRR

unless the removed soil is replaced with locations 501, 502, 503, and 504,
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Table 17. Plutonium-239,240 leaf-leaf concentration ratios.

Leal~TLeaf Coucentration Ratio

T P - é ) b

Species lessersehmidia Breadfruit’ Papaya Scaevola
Hessevsenmidia 1.0 4.5 10 15
Breadfruit® 0.22 1.0 2.2 3.3
Papaya 0.10 0.45 1.0 1.5
I b l
Scacvola 0.07 0.30 0.67 1.0

Also includes Pandanus and coconut.
b .

Also includes banana.
Table 18. Strontium-90 fruit-fruit concentration ratios.

B __Fruit-Fruit Concentration Ratios _ s

Species Breadfruit Pandanus’ Coconut
Breadfruit 1.0 1.5 3.0
Pundanus® 0.67 1.0 2.0
Coconut 0.33 0.50 1.0

Also includes papaya.
Table 19. Cesium=-137 fruit-{ruilt concentration ratLios.

e Fruit-truat Concentration Ratio

Species Papaya Breadfruit Pandanus Coconut
Papaya 1.0 1.3 1.6 3.2
Breadfruit 0.75 1.0 1.4 2.8
Dendosun 0.63 0.71 1.0 2.0
Coconut 0.30 0.36 0.50 1.0
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respectively) where removal of the
top 10 cm of s0il would reduce soil
concentrations by approximately five-
fold. This of course would result

in reduced external exposure and
reduced uptake in plants grown in
such areas.

Although considerable variation in
soll radionuclide concentration is
observed on both islands, the soil
concentrations on Bikini TIsland are
approximately ten times those on Eneu
Island. 1In addition, the relative
radionuclide soil concentrations are
very consistent; concentrations of

90

7

Cs are ten to twenty times

239,240
Pu

Sr and

greater than those of and

241 . . .
Am which, in turn, are two to three
times greater than
Therefore, generalizatrions can safely
be made from the soil data to the
effect that inhabitants on Bikini
fsland will be exposed to higher doses
than those on Eneu lsland. Also, on
both islands, 9OSr and 137Cs are Lhe
radionuclides of primary importance.
In the past, concentrations in
terrestrial foodstuffs at Bikini Atoll
have been predicted from soil concen-
trations measured in the field and
from concentration factors taken from
the literature. This approach was
adopted because vegetation sampling
programs were limited in the early
surveys. However, the terrestrial

sampling program of the 1975 Bikini

survey included sufficient vegetation

0 .
Co concentrations.

samples to allow preliminary predic-
tion of concentrations in nearly all
components of the postulated Bikini
diet. These predicted concentrations
are based on soil-plant concentration
factors and on fruit-leaf, lecaf-leaf,
or {ruit-fruit concentration ratios
calculated from the 1975 field data.
The predicted concentrations compare
favorably with the available measured
concentrations. A more extensive
survey of Bikini Atoll with larger
sample sizes is needed to statistically
verify these preliminary results. In
the meantime, potential future concen-
trations in foodstuffs from Bikini can
be predicted from our concentration
factors il measured soil concentrations
are available and from our concentra-
tion ratios if only vegetation samples
are available. Istimates of the dose
commitment ecxpected from various pro-
jected lLifestyles from our predicted
concentrations are reported in Part 5
of this report scries.

The predominant nuclides in the

terrestrial foodchain are OSr and
: 239,240
l}7Cs, {ollowed by 39,24 Pu, and will

constitute the major internal dose to

man from this pathway. In general,
Co . . 7

within a given species, Cs uptake

by fruit and leaves is one order of

OSr uptake
239,240
Pu

magnitude greater than
which, in turn, exceeds
uptake by one to two orders of mag-
nitude. Uptake by mature leaves of

papaya, banana, and breadfruit varies
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slightly from this general pattern; 1in

these cases, the measured uptake of

30 137C

Sr is equal to that of s. How-

ever, more samples are needed to ver-
ify the pervasiveness of these excep-
tions to the overall patterns obsecrved.

The distribution of 9OSr, 137Cs

239,240Pu

, and
in fruit and leaves follows

similar patterns in the various species

90
-studied. In a given species, St

g 239,240,

uptake by mature leaves is
two to ten times greater than that by

. 7 .
fruit. The Cs uptake measured in

this study shows a different trend;

uptake bv fruit exceeds uptake bv mature
leaves by a factor of two to five.
A comparison of the uptake of

' 239,240
g 370 and 39,

Pu shows that,
in general, the relative order of
uptake is: squash (high; breadfruit,
Pandanus, and papaya (intermediate);
and banana and coconut (low). Slight
variations occur, depending on the
radionuclide under consideration. A
more quantitative ordering can be

made alter greater numbers of all

tissues of plants are sampled in

future surveys.
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Appendix A. Soil Profiles of Bikini and Eneu Islands

The following tables present the concentration of eight seleccted radio-

nuclides (GOCO 9OSr

3

in the soil profile.

3

/)
241Pu, and 241Am) with depth

137CS lSSEU

bl b

2 £
239, 240,

b >

Sample locations oun the islands are given in Figs. 2 and

3. These data are also presented graphically in Appendix B.
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143E£+02

.840E+02

.585€+02

529E+02

.42BE+0e

L311E+01

HINUS FOR NO DATA.

55 CS 137

1

2

M

.B53E+02
.968E+01
. 955E+01
.8688E+00
.266£-01

.275E-01

INUS FOR

55 CS t37

1

!

i

8.

.285¢e+02
.328E+02
.B8uE+02
811E+0)
.8853E+01
.B98E+01

.918E+00

PROFILE

83 EU 155

2

!

c.

ve.

vl

vy

NO DATA.

.B618E+00

.558E+00

973£+00

28l1E-02

.848€E-02

.015E-02

PROF iLE

B3 EU 155

3

.082E+00
.805E+00
.525E£+00
.01BE+00
. 102E+00
.988E+00D

L314E-O

BIKIN} 505

LESS THAN SIGN

S4 PU 239
6.117£+00
5.368E£+00
7.182E+00
7.428E+00
BIKINI 508

LESS THAN SION

g4 PU 238

6

7.

.B42E+00
243e+00
.B40E+00
. 1IBE+00
.063€£+00
.622E+00

L178E-01

INDICATES

g4 PU 240

6.766E£+00

5.876E£+00

7.783E+00

8.

INDICATES

{71£+400

g4 PU 240

7

.554E+00
.027E+00
.360E+00
.712E+00
.535€+00
1138400

.BSHE-O1

94 PU 241

1.256E+02

1.427E£+02

2.

gusE+02

1.482E+02

g4 PU 241

1

i

L4yuE+02
.468E+02
.585E+02
.030E+02
.120E+02
.288E+0!

.058E+01

INSTRUMENTAL DETECTION LIMIT

95 AM 24!

6

y

7

vy

v3

v6

.580€E+00
.558€+00
.532E+00
.132e-02
.436E-02

LOuWlE-02

INSTRUMENTAL DETECTION LIMIT

85 AM 2u4i

7

7.

.B71E+00
2383E+00
.707£+00
.BB83E+00
.428E£+00
.870E+00

.378£-01

MASTER LOG
01053431
01053534
01053671
01053772
01053873

01053974

MASTER LOG
01055631
01055734
01055871
01055972
01056073
01056174

01056275



R ——

oLy

PROF [LE BIKINI 507

CONCENTRATIONS IN PCI/GM, MINUS FOR NO DATA. LESS THAN SIGN INDICATES INSTRUMENTAL DETECTION LIMIT

DEPTHI(CM) 27 C0 8C 38 SR S0 58 Cs 137 83 tU 155 84 PU 238 g4 PU 240 g4 PU 241 95 AM 241 MASTER LOG
000-005 3 411e+00 2.681E+0¢2 1.337£+02 ; 358E+00 {.000E+0! 1.088E+0! 1.860E+02 {.151E+401 0105033}
005-010 1.583£+00 {.8687e+0¢2 8 410E+01 1.848E£+00 4.368E+00 4.730E+00 8.851E+01 4.554€£+00 01050434
010-0°0 1.180E-01 1.8284E+0! 2. 148E+01  v5.153E-02 2. 183E-01 2.571E-01 - 1.836€£-01 01050571

020-030 v3.806£-02 8.801£-0!

m
Gl

.823E+00 v3.120£-02 - - - v5.238E-02 01050672

PROFILE BIKINI 5C8

CONCENTRATIONS [N PCL/GM. MINUS FOR NO OATs. LESS THAN SIGN INDICATES INSTRUMENTAL DETECTION LIMIT

DERPTH(CHM) 27 C0 80 38 SR 20 55 CS 137 63 EU 155 S4 PU 233 S4 PU 240 84 PU 241 35 AM 24! MASTER LOG
000-005 c.768E+00 1 .880E+02 L. v13e+02 3.413E+00 7.554E+00 8.085E+00 i.468E+02 8.730E+00 01051431
005-010 3.582£+00 2.325E+02 tL344E+Q2 4.273E+00 9.514E+00 1.023E+01 1.886E+02 1. 04BE+01 0105153y
010-02C 3.8982+00 2.3878E+02 i.385E+02 4. 450£+00 9.802E+00 1, 082E+01 1.800£+02 1., 148E+01 01051671
020-030 5.8286E£+00 4. 182E+02 1.488£-02 7.085E+00 1.482E+01 1.987E+01 c.B886E+02 1.785€+01 01051772
038-0%C c 150E+00 1.870E+02 7.580£+01 2.925E+00 7.036E+00 7.365E+00 1.358€+02 6.604E+00 01051873
040~050 L B732-01 S.770£+0! I 122£+01 v4.585E-02 2. I41E-01 2.634E-01 5.775E+00 ~vB.477E-02 01051374



S L

e R

DEPTHI(CH)
000-005
005-C10
010-02C
020-030

030-040

DEPTH (CHMI
000-005
005-010
010-020
020-030

030-040

CONCENTRATIONS

27 Co 80
1.000E-01
6 883E-02
L 415E-01
5.721E-02

.028e-02

£

CONCENTRATIONS

27 CC 80
v1.048E-02
ve.281e-02
v8.981E-03
¥v3.527E-02

7.243E-0¢2

IN PC1/GH.
38 SR S0
4.200€+00
3.518E+00
5.877£+00
2.405E+00

2.245E+0C

38 SR 80
1.376E+00
1. 447E+00
1.031E£+00
6§.838£-01

8.779E-01

IN PC1/GH.

MINUS FOR
55 CS 137
8.680E+00

.870E+00

Wl

4. 374£+00
8.590£-01

{.208E-01

MINUS FOR
55 CS 37
| .388E+00
1.280E+00
1.236E+00
2.068£+00

2.688£+00

PROFILE

NO DATA.

63

EU 155

{.823E-01

7.050€-02

4. 174E-01

v3.B48E-02

v3.

P

NO O

63

<
n

<
n

123E-0e

ROFILE
ATA.

EU 155

.058E-02
.386e-02
.458E-02
.450E-02

.8uge-02

[ "N T

ENEU 80!

LESS THAN SIGN

84 PU 238

3.222e-0!

2.19%E-01

8.347E-01

1.B634E-01

ENEU 802

LESS THAN SIGN

84 PU 238

2

2.

.584E~02

053E-~02

.7B84E~02

.005E-02

.188E-01

INDICATES
g4 PU 240
3.506E-01
2.382e-01
1.013E+00

1.960E-01

INDICATES

gy PU 240
2.833E-02
1.877€-02
1.848E-02

6.842E-0¢

1.388E-01

84 PU 241

6.770E+00

g4 PU 241
7.386E-01
3.985E£-01

1.354E+00

INSTRUMENTAL OETECTION LIMIT

85 AM 24!
2.783E-01
2.321E-01
7.8667£-01
|.122E-01

¥5.536E-02

INSTRUMENTAL OETECTION LIMIT

95 AM 241
v3.750€E~02
v3.768E~-02
¥v5.288£-02
vQ.734€E-02

¥3.838E-02

MASTER

LOG
06088031
06088134
06088271
06088372

06088473

MASTER LOG
06080431
06090534
060380671
06090772

06080873



DEPTHICM)
000-005
0C5-010

010-6e20

030-040

040-050

DEPTHICM)

000-0605
005-010
g10-015
015-02%
025-035

£35-0u45

CONCENTRATIONS

27 Co B0

2

ol

w

n

CONCENTRAT IONS

.48SE-01
L832E-01
.8G1E-01
.052E-01
.271E-01

.232e-01

27 Co 80

1.

1

118E-01

.504E-01
.408E-01
.829E-02
.985E-C1

.08BE-01

IN PC1/GH.
38 SR S0
1.682E+01
1.571E+01
c.337£+0!
2.830E+0!
3.192E+01

1.747€+01

IN PCL/GH.
38 SR 90
5.862E+00
5.041E-00
5.333E+00

5.243£+00

MINUS FOR

55 CS

1.

1

0

137

C073E+01

L034E+01
LTU3E+00
.Q4BE+00
L 10SE+QL

.035E+01

HINUS FOR

55 CS

2.

2

137

981£+01

.888E+01

837E+0!

.800E+00

576E+00

.968E+00

NO

5]

Yy

y

NO DATA.

6

1

1

PROFILE
DATA. LE
3 EU 155
.558E-01
.B13E-01
.B31E-01
LIY3E-01
.8995E-01

L473E-01

PROFILE
3 EU 155
.62BE-0!
.828E-01
.912E-01
C1TT7E-0
L465E-01

Y IE-O

ENEU 803
5SS THAN SIGN
S4 PU 238
1. 160E+00
1.160E+00
1.279€+00
1.558E£+00
1.838£+00

I 138E+00

HFH2

LESS THAN SIGN

84 PU 239
3.857E-01
4.787E~01
3.808E-0!

3.080E~01

INDICATES

g4 PU 240

!

1

INDICATES

.230E+00

.237E+00
.433E+00
.B54E+00
.0838E+00

.248£+00

g4 PU 240

Y

5

Ll

.429E-01

.338E-01
.4B4E-~01

.B37E-01

g4 PU 241
2.267E+01

2.386E+01

4.055E£+01

3.631E+01

g4 PU 241
1.036E+01
1.139E+01

9.0886E-01

g5 AM 24|
1.021E+00
8.847£-01
1.318E+00
1.290E+00
2.090E+00

1.2556+00

g5 AM 241
4.267E-01
5.622E-01
4.100E-01
2.738E-01
6.278E-01

2.814E-01

INSTRUMENTAL OETECTION LIMIT

THSTRUMENTAL DETECTION LIMIT

MASTER LOG
06094631
06084734
06094871
06084872
06085073

06085174

HMASTER LOG
010556780
01056891
01056932
01057093
01057194

010572395



pr—

oasa?

LA

1 7

o~V

DEPTHICHM)
300-005
005-010

010-015

DEPTHICH)
G00-005
005-010
g10-015

15-025

w

025-035

035-045

CONCENTRAT IONS

27 Co B0

1

1.

CONCENTRAT{ONS

895E£-01

132E-01

.827E-01
.309e+00
.070E-01

.158£-01

27 CO 60

8.

Y.

1

ve

838£-01

177€-01

.708E-01

048E-01t

.82ee-02

782E-02

3

1

1

IN PCl/CM.
8 SR S0
L733E+01
183£+01
.0B5E+01
.730E+01

.352E+01

IN PCL/GCM.

38 SR 30

&

3

t

|

.500E+01
.BT1E+0!
.BHGE+QI

.B08E+01

MINUS FOR NO DATA.

55 CS 137

1.

MINUS FOR NO DATA.

55 €5 137

Y

1

5

2

va

.275e+01

.B656E+01

072e£+00

542£+00

.429e-02

2H41E-D!

PROFILE

B50E-01

. 1B65E-01

.BO4E-01

892E+00

.866E-02

v5.743E-02

5]

8

2

v3.

ve.

PROF ILE

3 EU 155
.588e-01
.847E-01
336£-02
357€-02
886t£-02

.8uceE-02

HFH3

LESS THAN SIGN

34 PU 238
5.837E£-01
2.838E-01
3.960E-01
4 TH3E+00

65.318E-02

HEHY

LESS THAN SIGN

g4 PU 238
2.024E+00
3.162E-01
2.381E-01

1.740E-01

INDICATES [INSTRUMENTAL OETECTION LIMIT

g4 PU 240
7.545E-01

3,074E£-01

xr

L4T0E-01
5.293E+00

7.293€E-02

INDICATES [NSTRUMENTAL DETECTION LIMIT

S4 PU 240
2.272€£+00
1.08BE+00
3.150E-0C1

2.317E-01

g4 PU 241
5.850E+00
1. H13E+02

g4 PU 241
5.622E+01
2.071E+01

6.176E+00

95 AM 241

u.

2.

¥5.

228E-01

601£-01

.480€E-01
.577E+00

.264E-02

302E-02

95 AM 241

c.

{

v3

v5

331400

.079E+00
.974E~01
.8606-01
.231e-02

.667£-02

MASTER LOG
01031390
01031491
010315392
010316383
01031895

01031996

HMASTER LOG
01058390
01058431
01058582
01058693
010587394

01058895



e

'
)
¢
i
1
¥
1
1
i
i

1

3
1
i

CONCENTRATIONS [N PCIl/GM.
DEPTHICM) 27 CO B0 38 SR S0
000-005 1 .85%E+C0 1. 148E+02
geos-01¢ 7.423E+00 3.218£+02

010-015

[#3)

. 173E+00 2.350e+02
015-025 6.541E-02 4. 7893E+01
025-035 v3.274E-02 -

035-045 v3.041E-02 -

CONCENTRATIONS IN PCI/GM.

DEPTH(CM) 27 CO0 B0 328 SR 90
000-005 8.829E£-01 6.338E+01
005-010 8.554E-01 6.230€+01
216-015 1.17685+00 8.554E+01
015-020 | BI4E+0O 1. 175E+02
020-025 1.463E£+00 g8.770E+01
025-030 2.2B4E+00 1.20teE+02

030-040 v3.82BE-02 3.665E+01

040-045 - 2.453E+01

MINUS FOR NO DATA,

55 CS 137

8.162£+0!

!

MINUS FOR NO DATA.

40tE+02

.284E+02

.781E+00

2H1E-QL

.824E-01

55 €S 137

5

4

LHINE+OL

.883E+01

.B76E+01

L770E+01

.2BBE+D1

.271E+01

041E+C0

S)

2

1

Y,

va.

ve.

ve.

PROF ILE

3 EU 155
.752E+00
.283E+0!
I01E+00
t22e-02
227E-02

189E-02

PROF ILE

63 EU 185

!

.562€£+00

381E+00
LBIYE+QQ
.851E+00
.851E+00
.80BE+00

.558E-02

LESS

HFHS

LESS THAN SIGN

g4 PU 238

6.545E+00

3.202E+01

1

L031E+01

4,883E-02

750001

THAN SIGN

34 PU 238

3

3

381E+00
. LI4E+Q0
.208E+00
LHB4E+00
.823E+00
.8928E+00
.188E-02

T4 3E-02

INDICATES
g4 PU 240
7.162E8+00
3.351E+01
t.1ET7E+01

5.73CE-02

INDICATES

94 PU 240

3.

3

683E£+00

L4T78E+00
.667£+00
. 18BE+00
.131E+00
.550E+00
.230E-02

.185€-~02

84 PU 241
1.287£+02
5.8538E+02
2.887E+02

1.162E+00

g4 PU 24!
6.572E+01
8.288E+01
8.6135;0\
1.327£+02
8.563E+01

1.762E+02

INSTRUMENTAL DETECTION LIMIT

95 AM 24}

5.
2.
g.

¥3.

v3

v3

707E+00
841401
477E+00

274£-02

.768E-02

.730E-02

INSTRUMENTAL DETECTION LIMIT

g5 AM 241

Y.

3

5

vl

173£+00

.548E+00
.238E+00
.B04E+Q0
.069E+00
.928E+00

.328E-01

MASTER LOG
01029890
01029991
010300892
01030193
01030294

01030496

HMASTER LOG
01000130
01000291
01000392
01000401
01000501
01000601
01000701

01000801



!

0t-v

DEPTHICHM)

QEPTH(CM)
200-005
005-0i0
0ic-015
015-025
025-035

035-045

CONCENTRATIONS

27 CO 80
g.536£~01

g.221£-01

8.777£~01
2.1828+00
2.447£~01

IN PCI1/GH.

38 SR 80

Y,

5.

6.

2.

6.

CONCENTRATIONS

27 C0 &0
5.748E-01
5.814£-01
i 779E+00
3.173E+00

1. 142E+00

797€+01
743E+01
022E+01
015€+02

SH1E+01

IN PCL/GH.

38 SR S0

Y

Y.

.388E+01
Q405 +01
.8e8E+01
L433E+02
.400E+02

L40nE-01

— S — |

PROF [LE TS0002

MINUS FOR NO DATA. LESS THAN SIGN INDICATES INSTRUMENTAL DETECTION LIMIT

55 €S 137 53 EU 155 84 PU 238 g4 PU 240 g4 PU 24l 85 AM 241 MASTER LOG
L.G23E+0! 1.385£+00 3.344E+00 3.672E+00 6.820E+01 2.979e+00 01006301
3.216E+01 1.187E+00 3.257E+00 3.B42E+00 £6.982£+01 2.749E+00 01006401
I 780E+0! 1.383£+00 3.398E+00 3.778E+00 7.003E+01 3.202€+00 01006501
2.724£+01 3.800E+00 7.626£+00 8.378BE+00 1.528E+02 8.122E+00 01006601
3.588E+00 2.014E~-01 4.3905E£-01 5.252E~01 1.184€E+01 4.284E-01 01006701

PROFILE 750003

MINUS FOR NO DATA. LESS THAN SIGN INDICATES INSTRUMENTAL DETECTION LIMIT

55 CSs 137 63 EU 155 84 PU 238 g4 PU 240 g4 PU 241 95 AM 241 MASTER LOG
2.568E+01 8 554E-01 2.042E+00 2.300E+00 3.881E+01 1.818E+00 01106701
Y4.844E+01 8.811£-01 2.318E+00 2.543£+00 Y. T43E+01 1.814E+00 01106801
5.802e+01 3.255€£+00 6.0380E+00 6.77SE£+00 1.2e2€E+02 6.946E£+00 01006901
3.406E+01 4.352E£+00 {.024E+01 1.127€+01 2.538E+02 9.432E+00 01007001
3.318E+0! 1.321£+00 3.831E+00 3.981E+00 7.862E+0! 2.945E+00 01007101
- - 4.2772-01 5.090E-01 - - 01007201



e T e

DEPTH(CH)

000-005

005-010

015-020

020-033

LG

- 036-05!

s

s 066-102

TT-V

DERPTHICM)
000-005
005-010
010-015
015-025
025-035

035-045

2

1

2.

7 Co 80
.830E+00
324E+00
.381E+00
. 140E-01
.062E+00

800E-02

27 C0 80

2

&

ve

v

.3316-01
.568E-01
L483E-01
LI41E-02
.910E-02

.2888-02

CONCENTRATIONS

3

1

t

CONCENTRATIONS

IN PC1/GH.

8 SR 20
.9tie+02
.861E-02
.034E+02
.868E+01
L0t4E+D2

.207e+00

IN PCL1/0M.

38 SR 80

2

g

L757E+01
.527E+01
LB43E+01
.081E£-0!

.009E-01

MINUS FOR NO DATA.

55 €S 137

1

!

.243E+0¢2
.021E+02
.572E+01
.8462+00
.955€E+01

.742e+00

MINUS FOR

55 CS 137

2

4

1832E+01

.224E+01

.285E+01

.498E+00

.262€-01

.103E-01

PROFILE

83 EU 155
2.648E+00
3 145£+00
3.791E+00
1 301E+00
9.631E£-01

vi.035€~-02

PROFILE

Ts00ie

LESS THAN SIGN

g4 PU 238
6.585£+00
7.410E+00
8.176E+00
2.848E+00
2.460E+00

1.338£-02

750031

NO OATA. LESS THAN SIGN

63 EU 155
2.891E-0!
5.585E-0!
1.7T74E-01
vl.8l4E-02
v1.508E-02

vi.581E-02

g4 PU 238
5.833E£-01
1.606E+00

5.148E~01

8.4S1E~-0Q4

INDICATES INSTRUMENTAL DETECTION LIMIT

84 PU 240
7.293E+00
8.203E+00
9.984£+00
3.385E+00
2.671£+00

1.500E-02

INDICATES INSTRUMENTAL

g4 PU 240
6.883E-01
1.845E+00

5.712E-01

7.667E-04

94 PU 241
{.387£+02
1.574E+02
1.851E+02
7.864E+0]

4.856E+01

g4 PU 241
1.429€+01

3.701E+01

9

5

vi

5 AM 24t

L464E+00

.B11E+00

.060E+01

.772E+00

.131E+00

.B667€-02

DETECTION LIMIT

85 AHM 241

~

1

5.

v

¥e.

ve.

.045E-01
.8U5E+00
297E-01
.913E-0¢
558£-02

886E-02

HMASTER LOG
01010801
01011101
01011201
01011301
01011401

01011501

MASTER LOG

01004590

01004631

0100478¢

01004893

01004984

01005095



DEPTHICH)
C00-005

J05-010

0-talpg

016-015
0i5-025

2-03

[«)
1Y
9]

o
(3]

5-0u4

[o1]

ci-v

DEPTHICH)
000-~-005
005-0i0
010-015
015-025
Oé5~035

035-045

CONCENTRATIONS

27

c.

Co 60

S16E-01

127£+00

.270E+00

.084E-C!

7.041E-02

4y 1E-02

IN PCLl/CM.

38 SR 390

i

v3

CONCENTRATIONS

27 CO 80

2

2.

.416E+00

832e+0¢C

.166E£+00

.004E+00
.200€E+00

.865%5€£+00

.873E+01

850E£+0!
.368E+01
.088E+01
.653£+00

.00SE-G!

IN PC1/CM.

38 SR 90

.850£+02

2.032e+02

2.420E+02

.BB2E+02

2.097e+02

.186E+02

H

INUS FOR

55 CS 137

!

HINUS FOR NO DATA.

L734E+01

.401E+0

.022£+01

. 104E+00

55 CS 137

1

!

.229e+02

LL10E+D2

L437E+02

.748E+02

.807€+02

.B24E+02

PROFILE

NO DATA.

83

c.

1

!

v7

vy,

va.

EU 155
S41E£-01

318E+00

.242E+00

.730E€-02

J82E-02

522E-02

FROFILE

B3 £U 155

3

3.

.636€+00
870E+00
L42BE+00
.2168+00

432£+00

.888E+00

TS0041

LESS THAN SIGN

g4 PU 238

5.

T6E-0!

.278E+00
.B627€+00
.041E-02
.256E-02

.805E-03

750051

LESS THAN SIGN

S4 PU 238

2

8.

.878E+00
477£+00
.873£+00

.302£+00

.622E+00

.288E£+00

INDICATES

g4 PU 240

7

INDICATES

.B2BE-D!
.681E+00
.234E£+00
.130€-01
.532E-02

.302£-03

g4 PU 240

8.

1

770E+00
.050E+0!
LLITE+O
.O43E+01
.068E+01

.036E+01

84 PU 241

6.671E+01

8% PU 24!
2.013E+02
2.137e+02

INSTRUMENTAL DETECTION LIMIT

95 AH 24|

6.
2

126e-01

.9365+00
.983E+00
. 10BE-01
.505E-02

.980€E-02

INSTRUMENTAL DETECTION LIHIT

95 AM 24!

6.

0 o

oo}

8382E+00
.328E+00
.Q05E+00
.054E+00
LICTE+D0

.324E+00

MASTER LOG
061002080
010021381
01002232
01002383
01002494

01002585

HMASTER LOG
01003530
01003691
01003792
01003893
01003994

01004035



FOT0RC

l“‘;‘“!

ei-v

DEPTHICH)

000-00¢%

015-025
625-03%
035-C0u43
045-055%
055-065

065-075

DERPTH(CH)
000-060%
G05-010
010-015
015-025
025-03%

035-045

CONCENTRATIONS

27

2

1

CONCENTRATIONS

Co0 60

.722£-01
.588E-01
.738E-02
.855E+00
.626E+00

.BO4E+D0

285E+00

.212e-01

.182E-02

.387E-0)
. 158£-01
.329€+00
.577E+00

.575E-01

IN PC1/0GM.

38 SR 80

5

1

-
/

n

. 122E+0!
.768E+01
.518L+00
.35CE+02
.087£+02
.761e+02
L311E+02
.700E+02

L384E+01

IN PCT/GM.

I8 SR S0

7

~1

.838E+01
.BB7E+0)
.882E+0!
.622E+01
.483€+0¢2

.BOBE+O1

MINUS FOR NC DATA

55 €5 137

3

™

.BT4HE+O!
SAT71E+O
.360E+00
.252E+01
. 190E+02
. 393E+02
.350E+02
4328401

.5T71E+00

INUS FOR

55 €S 137

5

e

.833E+71
CTHYE+D!
L134E+00
.Ba4E+C!
.354E+02

.61B6E+01

PROF ILE

63

5.

3.

v,

P

NO O

v8.

EU 155
058€-01
266e-01

1D0E-01

.758E+00
.743E+00
.368E+00

L432E+00

117£-02

.708E-02

ROFILE

150061

LESS THAN SIGN

g4 PU 239

t

6.

L031E+00

511E-01

.4B80E-01
. 188E+00
.B57E+01
.728E+01t
L HO04E+01
.B68BE-01

.563E-03

750062

ATA. LESS THAN SIGN

.091E+00
.554E-01
L191E-D]
.023€+00

.787E+00

284E-02

g4 PU 239

2.

!

539E+00

CTHYE+0D
.077E-01
.683E£+00
.703E£+00

.8B42€-02

INDICATES

84 PU 240

i,

7.

2.

5]

INDICATES

142E+00
159E£-01

801E£-01

.829E+00
.831E+01
.809€+0!
.217E+01
.S43E-01

.001E-02

84 PU 240

2.
2.

6.

812£+00
00B8E+00

5E3£-0)

. 167E+00
.34T7E+00

.021E-01

g4 PU 241

2.

1

340E+01

.760E+01

.284E+02
.330E+02
.495E+02

.263E+02

.787e-01

g4 PU 241

5.

i

3.

252E+01

196E+01

694E+01

INSTRUMENTAL DETECTION LINMIT

a5 AM 241

9.

7.

vl

284E-01

187E-01

.527e-01
.014E+00
.336E+01
.TISHE+D!
. 158E+01
.. 1BE-01

.875E-02

INSTRUMENTAL OETECTION LIMIT

35 AM 24|

3.

1

5.

14BE+00

.879E+00

081E-01

.054E+00
.7T73E+00

.245E-01

HASTER LOG
0:0087390
g100889!
010089392
01009093
01009184
01009285
01009336
01009497

01008598

HASTER LOG
01001180
01001291
01001392
01001483
01001594

01001695



g
PROFILE TSQ07t

Cfg CONCENTRATIONS IN PCIl/GM. MINUS FOR NO DATA. LESS THAN SIGN INDICATES INSTRUMENTAL DETECTION LIMIT

< OEPTH(CHM) 27 Co 890 38 SR 90 55 €S 137 63 EU 155 84 PU 239 g4 PU 240 g4 PU 241 95 AM 241 MASTER LOG

;;; 000-005 1. 074E+00 1.071E+02 65.8622E+01 1.412E+00 3.150E+00 3.584E+00 7.3685€£+01 3.610E+00 01005590

:T; 005-010 | .238E+00 1. 140E+0Q2 6.734E+01 | .B00E+00 3.971E£+00 4.382E+00 7.882E+01 Y4.716E+00 01005681

A%

[y 010-015 1.123E+00 1.046E+02 6.018E£+01 1.687£+00 3.486E+00 3.886E+00 7.225E+01 4.079E+00 01006232
015-025 - 1.686E+02 - - 6.662E+00 7.455E+00 {.429E+02 7.773E+00 01005792
025-035 - 7.843£+01 - - 2.800E-01 3.616£-01 8.450E£+00 - 01005893
035-045 - 4.89B3E£+00 - - 3.534E-02 4.308E-02 1.492E+00 - 01005934

Y1~V

PROF ILE TS0081

CONCENTRATIONS IN PCL/GM. MINUS FOR NO DATA. LESS THAN SIGN INDICATES INSTRUMENTAL DETECTION LIMIT

DEPTHICM) 27 Co B0 38 SR 80 55 CS 137 83 EU 155 84 PU 238 g4 PU 240 84 PU 241t 95 AM 241 HASTER LOG
000-005 6.707€-01 5.8977E+01 3.821€+01 1.008E+00 1.952E£+00 2.207E+00 Y4.640£+01 2.355E+00 01007490
005-010 2.108E+CQ 1.461E+02 8. 148E+01 3.045E+00 7.108£+400 8.050E+00 1.768E+02 8.775E+00 01007591
016-015 2.868E+00 3.504E+02 1.03BE+02 3.758£+00 1.036E+01 1. 161E+01 2.403e+02 1.334€+01 610076892
015-025 3.510E-01 {.012E+02 2.183E+01 2. 151E-0! 5.883E£-01 7.080E-G1 1.410E+01 6.072E-01 01007783
G25-035 7.757E-02 4.752E+01 B.144£+00 v3.423E-02 8.982E-02 1.282E-01 - v6.086E-02 01007834
035-045 9.833E-02 2.41%E+01 2.506E+00 v1.721E-02 7.810E-02 1.058E~-01 - 8.773£-02 010079385

105-115 1.275£+00 9.9812+01 5.613€+01 2.305E+00 4.073£+00 4.381E+00 B8.239€E+01 4.354E£+400 01008601




Lo a7 VY. ]

NI, WA

Slai o A

LS S s AT IR

'

Lot

ST-V

CEPTHICH)
000-005
005-010
010-015
015-025
025-035
035-045

045-055

DEPTHICH)
0006-005

005-010

CONCENTRATIONS

27 C0 80

b

|

¥3.

ve.

.054%E-01
LS47E+00
.241E+00
.B4TE-0!
.E818E-01
801E-02

381e-02

IN PCL/GHM,

38 SR 90

4

8

1

CONCENTRATIONS

27 CO 60

3

2

1

v3

v3

ve

.B34E-Q1

S48E-01
.4228-01
.252e-02
.123e-02

.82%8E-02

.389€+01
.88B3E+01
.301E+02
.356E+01
.275E+01

.4 3E+00

IN PCI/CHM.

38 SR Q0

7

Ll

S05E+01
.881E+01
L244E+O L
.850E+01
.302E+00

.983E£+00

MINUS FOR

55 CS 137

7.

g

G04E+01

L4B4E-0!
.868E+0!
.818E+01
.072E+00
.636E+00

.308E+00

MINUS FOR

55 €S 137

5

3.

.B40E+01

3I1T7E+01

L43BE+0!
L404E-01
.468E-01t

.062€-01

NO DATA.

3

|

1

3

3.

v7.

vZ

va

PROFILE

3 EU 155
. 126€+00
.S25E+00
.482E+00
001E-01
311E-02
.836£-02

023E-02

PROF ILE

NO

&

Y

2.

7.

A

ve.

ve.

TS0091

LESS THAN SIGN

84 PU 239
2.590E+00
5.333£+00
8.207£+00
8.058E-01
2.614E-01

2.8947e-02

TS0101

DATA. LESS THAN SIGN

3 EU 155
.837E-01
854E-01
gugE-02
.833E-02
423E-02

2%2E-02

84 PU 238
L. 185E+00
7.278E-01
2.578E-01

1.060E-02

INDICATES INSTRUMENTAL DETECTION LIHIT

[INSTRUMENTAL DETECTION LIMIT

S4 PU 240 84 PU 241
2.843£+00 7.886E+0]
5.864E+00 1.075E+02
S.212E+400 2.028E+02
1.073E+00 -
3.117E-01 6.874E£+00
3.685E-02 -
INDICATES
S4 PU 240 g4 PU 241
1.318E+00 2. 447E+01
8.441E-01 2.003E+01
2.8B4£-01 4.9538E+00
1.334E-02 -

85 AM 241

3.207€£+00

[o}}

.054E+00
9.464£+00
9.855€-0t
2.877€-01

v4.653E-02

¥3.087£-02

95 AM 241
1.374E+00
7.991E-01
2.747€-01
vE. IHYE-02
vy ,078E~-02

v3.812E-02

HASTER LOG
01028680
01028791
01028892
01028993
01029084
01028185

01029296

HASTER LOG
01035290
01035331
01035482
01035593
01035684

01035795



SR
e

91T~V

DEPTHICM)
000-005
005-010
010-015
015-025
025-035

035-0u5

DERPTHICM)
0380-005
005-610
010-015
015-0625
025-035
035-045

04s-055

CONCENTRAT [CNS

27 CO &0

5.

9

ve

153E-01

.784E-01
.600£+00
.074E+00
.204E-02

.858E-02

CONCENTRATIONS

27 CoO 80

|

l

.B31E+00
.832e+00
.823t+00
.137e-01
.032E-01
.347€-01

.243E-0e

{N PCI/CH.

38 SR 90

8.

386E+01

.523E+0
.184E+01
.338E+01
.B1EE+01

.3065+00

IN PC1/GH.

33 SR 380

1

2.

380£+02

I43E+02

.183E+02
.304E+01
.240E+02
.231E+01

.483E+00

MINUS FOR NO DATA.

55 CS 137

7

g.

.Q4BE+01

868£+0!

.271g+02
.086E+01
.063£+00

.603E£+00

MINUS FOR

55 CS 137

b,

1

1ceruc

.081E+02

LT777€+02

197€+0!

.888E+01
. 738€E+00

.877€+00

PROF ILE TSOL1
LESS THAN SIGN
63 EU 155 84 PU 239
7.687E-01 2.147E£+00
1.837£+00 3. 474E+00
2.C15E+00 5.356£+00
1.038E+00D 3.150E+00
v1.523E-02 2.776E~-02
ve.286E-02 -
PROF ILE Ts012!
NO DATA. LESS THAN SICN
63 EU 155 g4 PU 238
2.341E+00 5.580E+00
2.818E+00 6.860E+00
6.0538E£+00 1.400E+01!
v 131E-02 2.422e-01

1.783E-01 8.865E£-01
vy .802E-02 1.281£-0!
v1.455€£-02 4.323£-02

INDICATES

g4 PU 240

2
3

IND

. 3B5E+00
.BBSE+00
.873E+00
.D77E+00

.588£-02

ICATES INSTRUMENTAL DETECTIOM LIMIT

84 PU 240

3]

7.

!

.185E+00
580E£+00
LS5I4E+0!
.827€£-01
.087E+00
.4B87E-01

.955E-02

a4 PU 241
5.162E+01
7.877E+01
{.143E+02

G4 PU 24}

1

1

.245E~32
L4 03E+02

.B873L+02

-259E+01

. 122E+00

INSTRUMENTAL DETECTION LIMIT

85 AM 241

2.

4

v3.

v3.

677E+00

.038E+00
.631E+00

.554E+00

155E-62

926£-02

85 AM 241

6.

g.

va.

131£+00

B71E+00

.B74E+D!
.601E-01
.B11E-01

.858E-01

au4E-02

MASTER LOG
01011890
01012081
01012182
01012293
01012394

01012485

MASTER LOG
0103238380
01033081
01033182
01033293
01033394
010334395

01033536



e S

P e

LT-Y

DEPTHICH)
000-005
005-010
010-015
0t15-02s
025-035
035-045

125-145

27 CO 80

5

1.

.685£+00
1B4E+00
.530E-01
.BY4E-~-Q2
.862E-02
.832e-02

2758-02

CONCENTRATIONS

IN PCIL/GH.

38 SR 90

3

t

v3.

.421E+02
.B83E+C2
.279€E+02

570£+01

.725e+00

604E+00

MINUS FOR NO DATA.

55 €S 137

3

6.

L4oueE+D2
3T74E+0 1
.2BYE+01
.263e+00
ITHE-01
L770E-01

.6l4E-02

PROF ILE

63 EU 155

7.

{

vl

v3.

558£+00

.081E+00

.073E-01

121E-02

.845€-02
.028E-02

.365E-02

TS0131

LESS THAN SIGN

8y PU 239

1

2.

.BOBE+01

488E+00

.OMT7E-01

.860E-02

INDICATES

g4 PU 240

2

2

.033E+01

.88BE+00

882E-01

. 153E-02

.586E£-02

g4 PU 241
3.914E+02
5.275E+0}
8.950E+00

1.272£+00

INSTRUMENTAL DETECTION LIMIT

95 AM 241

2
3

Y

¥5.

v3.

ve.

.383£+01
L433E+400

.B77E-01

234E-02

118£-02

.728€£-02

359E-02

MASTER LOG
01034190
01034291
01034332
01034493
010345384
01034695

01035101

NI



81—V

SOV TR, o .
o “wam" _— —

DEPTHI(CM)
000-005
005-010
010-015
015-025
025-035
035-045
045-055
055-065
065-075
075-085
085-085
0895-105
105-1e5
125-145
145-185

165-1895

CONCENTRATIONS

27 C0 80

"

5.

7.

vy

[£3)

v

.0B8E-0!

877¢-01

34 1E-01

.9B4E-01

L734E-01

6538E-01

. 183£-01

L311E-Q2

418E-01

L774E-01
.251E-0Ot
.38G9E-02
.84 tE-Q1t
.273E+00
.432e£-02

.620E-02

IN PCI/CHM.

38 SR g0

1

2.

v3.

LOY4E+Q]
055E+01
.382E+01
.122E+01

104E+01
.481E+0!
.808e+01
L248E+01
.220E+01
.88BE+01

473E+01
L454E+01
LL28e+01
.808E+02
.085E+01

153E-01

MINUS FOR NO DATA.

55 CS 137

5

ol

.658E+01
.322€+01
L213E+01
.688E+01
.368E+01
L014E+03
L 1uSE+Q!
L734E+00
.482E+01
.038€+01

.273E+01

0i4E+0Q

4g1E+0!

.882E+0!
.8B64E+00

. 14BE+00

PROF ILE

€3 EU 155
4.068E-0!
6.437£-01
7.821E-0}
6.284E-01
5.828€-01
1.391E-01
5.077£-01
vh ., 160E-02
e.11B6e-01
1.B1BE-O!
3.405E£-01
v3.660E-02
1.2385€+00
Y4.B44E+Q0
v3.811E-02

v2.18lE-02

750161

LESS THAN SIGN

84 PU 238

1

i

. 1IHE+Q0

LH42e+00

.817£+00

.485E+350

.315E+00
.B45SE-01
L 1B7€E+00
.327E-01

.077E-01

.384E-01
LO041E-0)
.B22E-01
.373E+00
.023e+01

.586E-02

INDICATES

g4 PU 240

1

t

.251E£+400
.740E+00
.118E+00
.B75E+00
.482E+00
.383E-01
.273E+00
.412E-01
.868E-01
.784E-01
.8e28E-01
.160E-0
.727E+00
.087€+01

.216E-02

g4 PU 241
2.686E+01
4.085E+01
3.185E+01
3.336E+01
1.018€+01

2.489E+0!

1.0LIE+D!

65.842E+01
1.972E+02

1.837E+00

INSTRUMENTAL DETECTION LIMIT

95 AM 24|

I

i

v7.

v3

.236E+00
.B55E+00
.208e+00
.B41E+0D
.488E+00
.23BE~01
.112E+00
.B61E-01
.877E-01
.Q4BE-01
.658E-01
.667E-02
.258E+00

. 178E+01

113£-02

.980€-02

MASTER LOG
01038290
01038391
01038432
01038593
010386394
01038795
01038896
01038997
010339088
01039199
010338201
01038301
013339401
01038501
010339601

01039701



ST

61—V

CEPTHICHM!
0GC-005
005-010
010-015
c15-025
025-035

033-045

DEPTHICHM)

000-005
065-010
010-015
015-025
025-035
035-045
0usS-05%
055-065

062-085

CONCENTRATIONS

27 CoO &0

1

2.

.533E+00

712£-01

.953E-01
.788E-01
.023E-02

.275E-02

IN PCI/GH.

38 SR g0

1

5.

CONCENTRATIONS

27 C0O 80

i

1

2.

vy

v5.

.933e+00

.001E£+00

397€+00

.B608E-01

L478E-01

.068E£-0!
.560E-01
328E-02

308E-02

.360E+01!

0B3E+01

. 13BE+0]
.55BE+01
.680£+00

L438E+00

IN PC1/GH.

38 SR 90

.202eE+02
LTIBRE+D!

732e+02
.063E+01
LTUH1E+0!
L3T74E+DL
.252£+01
.818E+01

L4T70E+00

MINUS FOR

55 CS 137

38.58%E+01

-2.153E+0!

1.718E+01

4.085E+00

1.407€+00

1.

MINUS FOR NO DATA.

11BE+00

55 CS 137

2

2.

[9)]

.838E+01

225£+01

. 1B5E+401
.205e+00
.398E£+00
.2B6E+00
.51T7E+01
.003E+0!

.503E£+00

PROF[LE

TS017¢

NO DATA. LESS THAN SIGN

63 EU 155
2.206E+00
v7.523E-02
¥6.581E-02
v5. 48 1E-02
v3.835£-02

v1.987£-02

PROFILE

B3 EU 155
2.257E+00
S.557€-01
2.83BE+00
1. 433E~-01
v3.387€-02
v3.360E-02

5.523E~-02

¥4 ,523E~-02

v2.426E~02

84 PU 239

5.481E+00

Yy

3,

.7T48E~01

323E-~01

750181

LESS THAN SIGN

84 PU 238

6.

2

050E+00

.4B81E+00
.BY2E+00
.868E-01
BY1E-01
.545E-01
LT734E-01

.832E-02

INDICATES

84 PU 240

6.212e+00

5.886£-01

Y4,.413E-01

INDICATES

94 PU 240

6.

2.

7

640E+00

800E+00

.B17E+00
L 134E+00
.128e-01
.051E-01
.326E-01

.025E-01

g4 PU 241t
1.300E+02

8.855e+00

84 PU 241
1.350E+02
4.946E+01
1.385E+02
4.117£+00
3.832E+09

1.810E+00

INSTRUMENTAL DETECTION LIMIT

85 AM 241

6.667E+00

5.423€-01

3.982E-01

4.563£~01

v6.851E~02

1.582E-01

INSTRUMENTAL OETECTION LIMIT

95 AM 241

6.

~)

vg.

)

vy

010E+00

.B05E+00
.218E+00
.I681E-01

.BH4E-01

023£-02

.738E-01
.B78E-02

.505E-02

HASTER LOG
01027390
01027481
01027582
01027683
01027794

01027895

MASTER LOG
010626390
01062791
01062892
01062993
01063094
01063195
01063296
01063397

010E3401



AT T -

4

i

s
Semmna
pemaces

LW

0Z-Vv

DEPTH(CH!
000-005
005-010
010-015

J15-02%

055-065
065-075
075-085
085-0385

G85-105

CONCENTRATIONS

27 CoO 80

8

5.

ve

LT43E-01

950E-01

.BBOE-01

L404E-01
.828c~01

LBLUE-0L

.577E-01

.585E-01

LT12E+00

. 382E-01

.254E-0!

.140e-02

LBBTE-01

271E-02

IN PCL1/GH.

38 SR 30

4

.850E+01
L ET7E+C!
.806E+01
204£+01
.585€+01
L118E+C1
0B60E+0 1

.558E+01

. 155E+02

.828E+01
.588E+0!
.278£+00
.498E+01

.384E+00

MINUS FOR NGO DATA.

55 CS 137

S

(73]

.207E+01
.766E+01
.782E+01
.203E+00
.228E+01
.855E+00
. 10BE+01
.BLSE+D!
.023E£+01

.723E+01

383E+01

LH33E+01
.808+01

LHBILE+QO

PROF ILE

63 EU 155

1.

!

181E+00

.O45E+00

104E-01

.248E-0!
.S45E-01
.973E-01

.801E-01

793E-01

. 156E+00

ag4E-01

.231E-01
.738E-02
.776E-01

.878€E-02

Ts018t

LESS THAN SIGN

84 PU 238

2

.682E+00
.262E+00
.482€+00
.21BE-D1
.B35E-01
.388E£-01
.285E+00
.006E+00
.QuBE+00
.051E+00

367E£-01
.872E-01
MBTE-O1

.S5BBE-03

INDICATES

84 PU 240

3

. 1356+00
.528E+00
.687E+00
.127E~01
.617E-01
.886E~01
CHT5E+00
.252£+00
.428E+00
.380E£+00
.762E-01
.080E-01
.207€-01

.766E-03

S4 PU 241

3.

Yy

365E+01

L451E+OT

L727E+01

.800E£+01

.323E+0!

L423e+01
. 167€+00

.787€+00

INSTRUMENTAL DETECTION LIMIT

g5 AM 241

3.

2

2.

v3

109E+00

L420E+00

013E+00

L 1T75E-01
.B44E-01
.B42E-01!
.323E+00
.1B3E£+00
.868E+00
. 158E+00
.027£-01
L439E-0t
.BB3E-01

.873E-02

HASTER LOG
01060090
01060191
01060292
01060393
01060494
01060595
01060695
01060797
01060898
01060999
01061001
01061101
01061201

0106130t



12—V

QEPTHICHM)
000-005
005-010
C10-015
Cts5-025
025-035
035-0u5

0u4s-055

SEPTHICH)
000-005
005-010
819-015
01w-025
025-03%5

235-045

CONCENTRATIONS

27 CO &0

Q

1.

Y.

5.

¥5.

va.

ve

CONCENTRATIONS

837E-01
149E+00
7681E-01
455E-02

225E-02

27 CO &0

5

5.

~8.

v3

vi

ve.

856E-01

328E-02

532€-0¢2

.B6eBE-02

251e-02

0¥8E-02

IN PC1/GH.
38 SR 80
3 451E£+01
4.500E+01
2.486E+0!
2.057E+01

1.723E+01

38 SR 90
2.987e+01
1.078E+01
39.788£+00
1.2753E+01
1.088E+01

3.343£+00

IN PC1/GH.

HINUS FOR NO DATA.

55 CS 137
5.027E+01
2.882E+01
I S514E+0!1
1.002E+01
T.1T7T1E+00
1.063c+00

5.864E-01

MINUS FOR
55 CS 137
3.508E£+01
1.651E+0]1
4.106E+01
4.408E+00
1.886E£+00

1.454E+00

PROFILE

63 tU

1

'
i

3

¥3.

v3.

ve.

v i

NO

5

~)

v3.

v3.

vy

155
.24 1E€+00
.275€+00
L756E-01
528E-02
464E-02
078E-02

.9eee-02

PROF ILE
DATA.
3 EU 155
.238E-0"!
.887€£-02
L437€-02
018E-02
301E-02

LH43E-02

750201

LESS THAN SIGN

84 PU 238
2.826E+00
3.740E+00

8.673E-01

TS0231

LESS THAN SIGN

84 PU 239
1.700E£+00
2.152E-01
1.377€-01
1.475E+00
2.804E-02

8.5539E-03

INDICATES

a4 PU 240
3.515E+00
4 .563E+00

1.155E+00

INDICATES
S4 PU 240
1.886£+00
2.436E-01
1.532E-01
{.B653E+00
3.756E-02

1.040€E-02

S4 PU 241}
7.482E+01
8.873E+01

2.188E+01

g4 PU 241
4.806E+01
5.856E+00

3.179E+01

INSTRUMENTAL DETECTION LIMIT

395 AM 24!
3.645E+00
4.022E+00
1.126E+00
v6.568E-02
v7.027€-02
¥3.775E-02

v3.550E~-02

INSTRUMENTAL DETECTION LIMIT

S5 AH 241
1.857£+00
v8.4ypuE~-02
v1.167€-01
¥5.923E-02
v5.368E-02

¥6.500E-02

HASTER LOG
01061590
01061691
01061792
01061893
01061994
01062085

01062186

MASTER LOG
01036780
01036881
01036992
01037083
01037194

01037295



[Aaak)

DEPTH(CH]
000-005
005-010
010-015
g15-02%
025-035

035-0%5

DEPTHI{CH)
000-005
gG5-c10
010-015
015-025
025-035

035-045

CONCENTRATIONS

27 €0 B0

6

CONCENTRAT [ONS

27 C0 &0

|

1

L473E-02
.0t4E-p2
.76BE-02
.320E-02
.498E-01

. 157E-01

.780£-01
.893E-01!
.0B64%E-0C1
.BOSE-D1!
.093E-01

J101E-01

IN PCI/GM.

38 SR 90

.286£+00
.555E£+00
.817E+00
.B43E+00
L432E+00

.428E+00

IN PC1/GM.

38 SR 90

8.

7.

T7739£+00
572E+00
.238E+00
.207€+00
L104E+D!

.I87E+01

M

INUS FOR NO DATA.

55 CS 137

6

H

.068E+00
.815£+00
.336£+00
.020E+00
.487£+00

.228E+00

INUS FOR

55 CS 137

t
i

7.

[e3]

.258E+0 1!
356E+00
. 185£+00
.320E+00
L478E+00

.063E+00

6

1

{

NO

6]

1

2

PROF ILE

3 EU 155
Luy4E-01
L 384E-01
.518E-01
.687E-01
L5T74E-01

.89528-01

PROF ILE

TSg0a4 1t

LESS THAN SIGN

94 PU 239

!

.826E+00

.BB3E-01
.083E-01t

.882e-01

.2THE-01

.54BE-01

750251

DATA. LESS THAN SIGN

3 EU 155

778E-01
.686E-01
.306E-01
LTH3E-01
.122E-0}

.306E-0)

84 PU 238
3.723E-03
4.577E-01
5.140E-01
9.188E-01
6.662E-01t
1.12%E£+00

INDICATES

S4 PU 240

2.
2,

3.

INDICATES

212E+00
783E-01

371E-01

.158E-01t
.817€-01

.855e-01

84 PU 240

Y

5.

.877€-03

08BE-0O1

.577€-01
.048E+0Q
.500E-0t

.282E+00

S4 PU 24!
3.336E+01
5.822€E+00
7.775E+00
B8.0380£+00

9.608E+00

g4 PU 241

1.019E+01

2.529E+01

INSTRUMENTAL DETECTION LIMIT

95 AM 241

2

.108E-01
L445E-01
.302E-01
.840E-0!
.050E-01

L475E-01

INSTRUMENTAL OETECTION LIMIT

95 AM 24|

Y.

u 0 @

207E-01
.323E-01
.505E-01
.188E-01
.328E-01

LM51E+00

MASTER LOG
06067830
06067831
06068082
06068133
06068294

06068395

MASTER LOG
06066490
06066591
060666392
06066793
06066894

06066995



DEPTH(CH)

¥

000-005
005-010
010-015
015-025

025-035

Fat01g6

035-G045

045-055%

ce-v

DERPTH(CH)
000-005
005-010
010-015
015-025
025-035

035-045

CONCENTRATIONS

27 CoO B0
1.585E~01
1. 714E-01
1.820£-01
1.185E-01
7.1687E-02
ve.Qaze-02
v¥2.55%£-02
v1.574£-02
ve2.278t-02
v1.685E-02
v1.388E-02

ve.g9tuE-02

CONCENTRAT[ONS

27 CC 60
L. 185%E-01
v3.4038-02
1.108E-01
v3.383E-02
5.71BE-02

v3.781E-02

38 SR Q0

“,.B688E+00
6.418E+C0
7.320£+00
1. 137E+01
8.608E+00
4.395€£+00
2.903E-01
3.81BE-01
¥3.153E-01
v4.505E-01
v2.703e-01

v2 8928£-01

38 SR 80
2.428E+00
1.783E+00
1.533£+00
4.123E~01
v3.153E-01

v3.804E-01

IN PCl/GH.

IN PCI1/GHM.

MINUS FOR

55 CS
7.

3

137

892€+00

L718E+00
.703E+00
L421E+00
.776E+00

.572E-01

413E-02

1.870E£-02

MINUS FOR

55 CS

y

137

.257£+00
.805£+00
L 121E+00
.725€E-01
.800E-01

.184E-01

PROFILE

T8

0261

NO DATA. LESS THAN SIGN
83 EU 155 g4 PU 239
1.338E-01 4. 147€-01
2.118E-01 4.304E-01
1.273E-01 5.171£-01

¥5.077€-02 3.477E-01
v . 514E-02 5.6838E-02
v3.385E~-02 -
v1.532E-02 -
v1.470E-02 2.965E-03
v2.003E-02 -
v1.706E-02 -
vi. 44 1E-C2 -
v1,732E-02 -
PROFJLE 150271

NO DATA. LESS THAN SIGN
B3 EU 155 g4 PU 238
g.541E£-02 3.604E-01
1.008E-01 3.768BE-01
1. 182E-01 4.158£-0t

¥5.347€£-02 -

¥5.288E-02 -
v5.8671€-02 B 563E-03

INDICATES INSTRUHMENTAL DETECTION CLIMIT

84 PU 240

Yy

5

INDICATES

LT75E-01
.10BE~01
. 045E-01
.D14E-01

.B40E-02

.385E-03

g4 PU 240

Y,

Y.

Y.

6

083E-01
354£-01
TI1E-0O1

.846E-03

S4 PU 2ul

{.083E+01

8% PU 241
7.315€+00
8.505£+00

9.383£+00

85 AH 241

it

b,

vE.

ve.

ve.

v3

A

ve.

v3.

.250E-01

833E-01

.396E-01
L377E-01

.351E-02

234£-02
670E-02

626£-02

.481E-02

113e-02

5228-02

130E-02

INSTRUMENTAL DETECTION LIHIT

35 AM 24!

2.

2

2

vg,

vg

v8

480E-~01

.150E-01

.851E-~01

086E-~02

.261e-02

.766E~02

MASTER LOG
06065290
06065391
06065492
06065593
06065694
06085795
06065886
06065801
06066001
06066101
06066201

06066301

HASTER LOG
06083180
06089291
06089392
060839493
06089594

06088635



B S

BEPTHICH)
000-005
005-010
g10-C15
0135-025
025-035

035-045

CONCENTRATIONS

27 €0 B0

2

.582E-01
.284E -0
.338E-01
.B588~-01
LS4 LE-O!

004E-01

t

3.

2

IN PCL/OM.

38 SR S0

.77BE+01
.BT4E+0
L4G3E+0L
LB11E+D!
408E+0!

VHBE+D

MINUS FOR NO DATA.
55
1.

3.

cs 137
L36E+01

598E+00

LTT70E+0C
.055E+01
L778E+0t

.B836E+00

PROFJLE

63 EU 155
5.648E£-01
4.761E~01
5.148E-01
4., 775E£-01
{.276E+00

6.081E-01

750301

LESS THAN SIGN

S4 PU 239

1. 344E+00

i,

102E+00

.083E+00
.023£+00
.888E+00

L244E+00

INDICATES

g4 PU 240

{ . 444E+00

{

.21BE+00
.160E+00
.111E+00
.083E+00

.350€E+00

g4 PU 24!
2.413E+01
2.315E+01
2.023E+01

5.658E+01

INSTRUMENTAL DETECTION LIMIT

g5 AM 241

{

8.

i

.023£+00

7T70E-0!

.03BE+00
.155E+00
.002E+00

.2382-01

MASTER LOG
06083290
06093391
06083492
06083583
06093594

060683785



Appendix B. The Distribution of Radionuclides with Depth in Soil
Profiles of Bikini and Eneu Islands

The following figiures graphically present the concentrations of [ive
60 90._ 137 239
Co St Cs

: . , 231
selected radionuclides ( , Pu, and Am) with depth of

L] ’

soil. One graph is given for each sample location of the islands (see Figs. 2,

3) and each corresponds to the tabular presentation of the same data in Appen-

dix A. Throughout, open symbols indicate detection limits and solid symbols

60, _ 90

. . 137 239
indicate measured values: Vv = , = s = Cs, ® = Pu, and

¢ = "TAm. Figures are grouped according to general location of rhe samples.
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Appendix C. Geographical Distribution of Radioactivity in the Surface Soil
(0 to 15 cm) of Bikini and Eneu Islands

The following maps present the concentrations of Co, 9OSr, 137Cs,

2
239Pu, 24OPu, and “AlAm (pCi/g dry weight) at the various samplings sites of

the tep 15 cm of s0il on Bikini and Eneu lslands.
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